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CHAPTER I. INTRODUCTION 
Public Policies Toward Agriculture 
Public policies in agriculture have been directed toward 
price stabilization and toward the production of consumer food 
at lowered real prices. Both the public and private sectors 
have been involved in the invention and dissemination of output-
increasing technology. This technology has taken varied forms 
such as education, new crop varieties, and increased mechaniza­
tion. However, by the time of the depression in the early 
1930's, the United States had already attained a relatively 
high level of economic development wherein income elasticities 
of demand for food had declined and the rate of population 
growth was slowing. With the adoption of new technology, total 
output increased faster than did total demand. Hence the new 
technology, which increased output per man hour and yield pier 
acre, largely substituted for agricultural land and labor in 
production. 
Compensation policies, in the form of price supports and 
acreage payments for program participation, helped the remain­
ing farmers minimize income losses and possibly even benefit 
from the process of technical change. As the total quantity 
of land and labor required to produce a given level of output 
declined, however, the demand for the total services from 
associated rural communities also declined. The increased 
2 
migration rate from the agricultural sector hastened the 
shifts in the rural urban balance. 
Effects of changes in the rural-urban balance are cur­
rently being felt through the political sector. For example, 
by 1971 programs were enacted limiting the total compensation 
payments to any one farm to $50,000. Congressional debate on 
agricultural policy now centers on the establishment of a 
$20,000 payment limitation. Current proposals are being 
sounded^ to shift the emphasis of agricultural policy to 
greater reliance on exports. Such a shift in emphasis of 
public policy would be expected to bring about gains and losses 
to various producer groups, to associated rural communities, 
and to consumer groups as production patterns, input require­
ments, and food prices change. 
Many of the shortcomings of past public policies toward 
agriculture are apparently the result of inadequate awareness 
of the total impact and implication of specific policy pro­
posals. An example would be the omission of Pareto-type 
constraints to insure non-negative gains from changes in public 
policy to groups of unskilled laborers and to entire rural 
communities. A basic facet of classic economic development is 
the release of labor from the agricultural sector and its 
transfer to the industrial sector. However, when public policy 
^Por an example see the Flannigan report. Congressional 
Record-Senate S7201, April 12, 1973. 
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contributes merely to the release of labor through increased 
mechanization and does not insure its successful transfer to 
another sector, not only do negative gains accrue to the 
released labor but society also fails to realize the entire 
benefits of its policies until the released labor is actually 
employed. 
Pressures for public policies relating to restrictions on 
use of fertilizers, pesticides, and the control of effluents 
are also being felt. The current change in public policy 
emphasis toward agriculture underscores the need for methods 
of policy analysis which can be utilized before proposed 
policies are put into effect with unknown consequences. An 
example of this need is the General Accounting Office's 
estimate that miscalculation of the need for export subsidies 
in the sale of wheat to the U.S.S.R. cost an extra $150. 
million in public funds 
Models of policy analysis need to be general enough to 
1) provide estimates of gains and losses from alternative 
policies to groups directly and indirectly involved, 
2) point out conflicts and analyze tradeoffs between 
policy goals, 
^General Accounting Office report as printed in the 
Des Moines Register and Tribune, July 12, 1973. 
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3) point out areas where proposed policy instruments may 
I 
be improved to allow a complete realization of policy goals. 
Present Study 
The underlying purpose of the present study was to extend 
development of a quadratic programming market equilibrium 
analysis capability. The market equilibrium analysis capa­
bility was to be broad enough to simultaneously determine 
equilibrium farm prices, quantities demanded by consumers, 
optimal production patterns, optimal transportation flows, net 
exports and returns to scarce resources. Further, the 
capability was to be flexible with respect to temporal periods 
analyzed and to changes in agricultural structure and public 
policies relating to agriculture. The term capability, there­
fore, includes not only a specific list of coefficients 
submitted for computation at a particular instance, but also 
the body of supportive data both raw and summarized or trans­
formed into manageable equations, used to generate and modify 
a set of programming model coefficients. The capability must 
also include the computational means to generate answers with 
efficient use of society's scarce research resources. 
The current study proceeded in two phases, theoretical 
and applied. The purpose of the theoretical phase was to 
improve the model solving capability of the basic competitive 
equilibrium analysis model formulated by Plessner (96). 
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Improvements in the computational aspects of the Plessner 
problem were necessary to make the formulation more useable to 
a larger number of researchers. 
The second phase of the study was to formulate and solve 
a quadratic, partial, competitive equilibrium programming model 
of the United States agricultural sector in 1980. The basic 
structure of such a model was available from the study by Hall 
(47). The primary concentration in data preparation and 
coefficient estimation in this study was directed to areas 
where the required estimates were not available from other 
studies completed, in process, or planned. The areas were: 
a) selection and projection of demand relationships, b) estima­
tion of crop yields and fertilizer use, c) projection of 
quantities of other inputs required, d) projection of input-
output coefficients related to livestock production. 
Previous Spatial Studies 
Economic analyses based on linear programming models in 
a spatial context stem from formulations by Samuelson (99) and 
Enke (28). Those studies from which the current study evolved 
are, first, the linear programming studies completed in coopera­
tion with Heady by Egbert (25), Brokken (8), Mayer and Heady 
(83) and Eyvindson (29). In general the linear programming 
studies determine optimal patterns of resource use, production 
location, and transportation flows which minimize the total 
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cost of meeting fixed levels of final demand. 
Secondly, the current study owes its origin to tlie non­
linear spatial market equilibrium studies completed in 
cooperation with Heady by Plessner (97), Hall (48), Hall (47), 
and Hall et al. (49). The purpose of the non-linear type of 
model is to determine a set of equilibrium prices and a set of 
equilibrium quantities supplied and demanded in addition to 
optimal locations of production and transportation. The 
results from linear programming spatial studies which, for 
example, minimize the cost of meeting fixed levels of demand 
are consistent with equilibrium conditions when the demand 
equations for various products are.independent and perfectly 
inelastic. The non-linear spatial economic model becomes more 
relevant as the degree of interdependence between commodities 
in consumption or between activities in production is increased. 
The basic Plessner model (96) was first used to identify 
a competitive equilibrium in the U.S. feed grain sector (48) 
for the year 1964. This initial application contained demand 
equations for the food and industrial use of wheat, corn, 
oats, and barley, and for feed use of oilmeals and feed grains. 
Spatially, the United States was partitioned into nine con­
suming regions linked by transportation. Each of the consuming 
regions was further subdivided into producing areas. There 
were 143 producing areas. 
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The quadratic programming model was then expanded by 
Hall (47) to include the livestock sector. The formulation by 
Hall provided more flexibility in the consumption sector as 
demand equations for cattle, calves, hogs, milk, and vegetable 
oils were added. Hall's model also incorporated an analysis 
of the demands for and transportation flows of intermediate 
products such as feed grains, feeder cattle, oilmeals, and 
roughages. The model was more aggregative in the production 
sector as the number of producing areas was reduced to 103. 
The structure of the Hall model was retained for the currant 
study. 
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CHAPTER II. THE COMPETITIVE EQUILIBRIUM MODEL 
AS A SELF-DUAL PROGRAMMING PROBLEM 
Theoretical approaches by Plessner and Heady (97) by 
Takayama and Judge (113) and by Smith (104) have demonstrated 
that solution values from carefully constructed non-linear 
programming models are consistent with prices and quantities 
associated with a competitive equilibrium. In this chapter 
the approaches by Plessner and Heady and by Takayama and Judge 
will be analyzed and merged with further theoretical develop­
ments for self-dual programs to produce a more efficient 
solution methodology. 
The Plessner Formulation 
Plessner (96) and Plessner and Heady (97) have formulated 
a self-dual non-linear programming model which maximizes 
producer profits in the large subject to the conditions of a 
competitive equilibrium. 
The essence of the Plessner formulation (96) is stated 
as Problem I. In Problem I, d+Dp is a system of f linear 
demand equations in f final prices. 
Problem I 
maximizes dp + p'Dp - b'u - c'x 
subject to d + Dp - Ax £ 0 
-b + Bx < 0 
9 
-c+A'p - B"u£ 0 
p, u, X ^ 0 
D is a fxf matrix of linear demand slopes with intercepts d. 
D is required to be negative semi-definite but not necessarily 
symmetric. A and B are matrices of technical coefficients 
which describe the transformation of each of the r primary 
resources b through the s production alternatives into a set 
of final quantities demanded, q, (q=d+Dp). C is an sxl vector 
of exogenous costs associated with each of the s production 
alternatives. The objective function of Problem I (total 
producer profits) is total revenue less the total exogenous 
costs and less total rental payments for the use of scarce 
resources. 
The constraint set for Problem I describes the equi­
librium conditions in a competitive market. The first f 
equations require that the supply of final products, Ax be 
greater than or equal to the demand for final products at the 
price set p. The next r equations require that total resource 
supplies b, be greater than or equal to total resource demand 
Bx. The last s equations require producers to behave in a 
competitive manner by constraining thé value from production 
to be less than or equal to all exogenous costs plus rent 
payable to scarce resources used in production. 
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The original Plessner formulation (96) has been extended 
to encompass spatial delineation and intermediate commodities 
(47, 48) but only the core version of the problem will be 
treated in this chapter. The spatial and intermediate dimen­
sions were added without further comment in subsequent chapters. 
The term "Lagrangian" constraint set is used to refer to 
the set of first partial derivatives obtained by differentiat­
ing the Lagrangian form of a particular problem with respect 
to all of the variables in that problem. Most quadratic pro­
gramming codes require input data in some variation of the 
Lagrangian constraint set. The Lagrangian form of the 
Plessner constraint set is shown in Figure 1. Analysis of 
Figure 1 shows the existence of duplication. The primal 
variables are the prices of final products p, rents for 
primary resources u, and levels of production x. The 
Lagrangian multipliers (Vp, Vu, Vx) are respectively prices 
of final products, rents on primary resources and levels of 
production. Although the solution to Problem I need not be 
unique, the requirement that p=Vp, u=Vu, x=Vx does not affect 
the optimal value of the solution as demonstrated by Yaron 
(293). The double specification of variables, (each variable 
is specified both as a primal and as a Lagrangian multiplier) 
motivated the search for an efficient computational form of 
Problem I. 
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Primal Lagrangian 
variables multipliers 
p u X Vp Vu Vx 
-d > 
b > 
c > 
D+D' -D' -A 
B 
A' -B' 
-d > D -A 
b > B 
c > A' -B' 
Figure 1. Lagrangian constraint set, Plessner Problem. 
Takayama and Judge Formulation 
Takayama and Judge (113) viewed the search for the com­
petitive equilibrium as coincident with the maximization of 
the algebraic area under consumer demand curves and above the 
producer supply curves. Economists recognize the maximized 
algebraic area as net consumer surplus. Problem II-l is 
defined in the format of the Takayama and Judge formulation.^ 
^Professor Dan Yaron in a private conversation in 1972 
expressed disagreement that Problem II-l is exactly the 
Takayama and Judge problem, but did agree that it was a 
legitimate quadratic programing problem whose solution con­
stituted a perfect competitive equilibrium. 
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Problem II-l 
maximize 
fP 
f(P/u) = (d+Dp)dp - b 
•'o 
fU 
du 
subject to A'p £ B'u + c 
PfU  ^  0 
All variables in Problem II-l are of the same dimension 
and definition as in Problem I. The demand equation intercept 
d is not to be confused with'-the integration operators dp and 
du. The demand matrix D must be both symmetric and negative 
semi-definite. After performing the integration, Problem II-l 
is restated as: 
maximize f(p,u) = dp + l/2p'Dp - b'u 
subject to A'p £ B'u + c 
p,u >_ 0 
The integrated form of the Takayama and Judge problem is 
then put into Lagrangian format. 
Problem II-2 
maximize L(p,u,x) = dp + l/2p'Dp - b'u + x'(B'u + c - A'p) 
In Problem II-2 only a single set of Lagrangian multipliers 
(x) is defined. When Problem II-2 is differentiated with 
respect to all variables, p, u, and x, the following Lagrangian 
constraint set is derived. 
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P u X 
d > D -A 
b > B (1) 
c > A* B' 
Comparison of the above Takayama and Judge Lagrangian 
constraint set with Figure 1 shows the TaUcayama and Judge (113) 
Lagrangian constraint set to be equivalent to the initial 
Plessner constraint set (Problem I). At first inspection the 
Takayama and Judge formulation appears to provide a more 
efficient computational means of searching for a competitive 
equilibrium since each variable in Equation set 1 is specified 
only once. 
Yaron, Plessner and Heady (294), however, have pointed 
out that the concept of "net consumer surplus" maximization 
cannot be extended to include nonsymmetric demand matrices as 
originally stated by Takayama and Judge (112). Unless the 
demand matrix D is symmetric, the required integration cannot 
be performed and the objective function is not defined. Hicks 
(58, p. 310) using the Slutzky equations, indicates that if 
the substitution effects between two goods i and j are equal, 
equality of the cross demand slopes (dxj/dpi = dxi/dpj) 
requires the income elasticities for those two goods also to 
be equal. It should be noted, however, that search for the 
competitive equilibrium is a search for the coordinates (price 
14 
and quantity) of the point where the demand curve crosses the 
supply curve. With respect to the Takayama and Judge problem, 
the supply and demand curves may exist as a set of non-exact 
differential equations. 
Self-Dual Quadratic Programs 
The optimal solution to the typical quadratic programming 
problem containing m primal variables (including slack 
variables) and n constraints (m>n) will contain more than n 
primal variables. 
Problem III 
maximize f(x) = q'x - l/2x'Qx 
subject to Gx = b 
x ^ 0 
where G is an nxm matrix of constraints 
Q is an mxm symmetric, positive semi-definite matrix 
b is an nxl vector of constraint constants 
q is an mxl vector of constraints 
X is an mxl vector of unknowns but is required to be 
semi-positive. 
Since there are only n initial constraints (Gx=b), such a 
solution does not necessarily occur on a corner point^ of the 
xûê uêl'iu uûtuët pûint sûiutiûn t.v aïi êijuaxicy 
between the number of variables and number of equations or 
constraints. 
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initial constraint set. It has been shown (287) however, that 
the optimal solution to Problem III does occur on a corner 
point of the expanded Lagrangian constraint set. The optimal 
solution to Problem III will contain m+n of a possible 2(m+n) 
unknowns and will be defined by m+n equations. A quadratic 
programming code attempting to search for the optimal solution 
to Problem III must provide for computer storage of at least 
m+n equations and 2(m+n) possible variables (291, 22, 288, 13). 
Self-dual programs are an important exception to these 
space requirements because the optimal solution to such pro­
grams does occur on a corner point of the initial constraint 
set. This special feature of self-dual quadratic programs was 
apparently first noted in 1961 by Dorn (22) who provided a 
proof for the case where the quadratic form was strictly 
definite. This work has been extended by Cottle and Dantzig 
(16) to the case where the quadratic form need be only semi-
definite (13, 14, 15, 16). 
The following theoretical section is presented to show 
precisely how the competitive equilibrium programming models 
formulated by Plessner and Heady (97) and extended by Hall 
et al. (48) and Hall (47) may advantageously fit into the 
theory of negative semi-definite programming developed by 
Cottle and Dantzig (16).^ The theory of negative semi-definite 
^The original concept was termed positive semi-definite 
programming, Rather than change the Plessner formulation to 
a minimization problem, the concept of negative semi-definite 
matrices is used. The proofs provided by Cottle and Dantzig 
are unaltered except for minor sign changes. 
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programming outlines the search for a vector z with semi-
positive elements such that: 
Problem IV 
find a z such that: q-Mz^O, z ^  0, z'[-q + Mz] = 0 
where M is an nxn square (not necessarily symmetric) matrix 
which has one or both of the following properties: 
i) positivity of all principle minors 
ii) positive semi-definite. 
The Plessner problem is merged into Problem IV. The value 
of the Plessner (Problem I) objective function remains unchanged 
by the addition and subtraction of the two terms x'A'p and 
x'B'u. The Plessner objective function is then rewritter as: 
(2 )  
A notational change is made to simplify the following 
derivatives and to demonstrate the ease with which the Plessner 
model fits into the Cottle and Dantzig methodology. The 
following terms are defined: 
"d" D -A P' 
f(p,u,x) = (p',u',x'} -b + B u 
-c A' - B' X 
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z = 
P 
u 
X 
q = 
-^nxl 
-dT 
b 
— ^ nxl 
M = 
-A 
B (3) 
A' - B' 
The dimension of Problem I is assumed to be n. That is, 
n=f+r+s. Problem I is then restated as Problem V. 
Problem V 
maximize z'(-q + Mz) 
subject to -q + Mz ^ 0 
z ^  0 
It should be noted that M is a negative semi-definite (n.s.d.) 
matrix if 1/2(D+D') is n.s.d.^ Thus no symmetry of the demand 
matrix D is implied. By the Kuhn-Tucker conditions, if there 
exists a feasible z which maximizes Problem V, then there 
exists a semi-positive n element vector v such that: 
-q + Mz + M' (z - v) <^0 (4) 
z' (-q + Mz + M' (z - v) = 0 (5) 
v' (-q + Mz) = 0 (6) 
-q + Mz <0 (7) 
This can be verified by writing M = 1/2(M+M') + 1/2(M-
M') = G+H. H is a skew-symmetric matrix and therefore is 
n.s.d. 
n = 1/9 
0 0 0 
Thus G is n.s.d. if the submatrix~ 
D+D' 
n 
D+D') is n.s.d. 
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Following Cottle and Dantzig (16) the optimal solution 
to the Plessner formulation is shown to require specification 
of only n equations and to contain n of 2n possible variables. 
If z represents a feasible solution to Problem V, then one may 
multiply through Equation 5 to obtain: 
0 ^  -z 'q + z 'Mz = -z'M' (z - v) (8) 
Both V (the vector of Lagrangian multipliers) and z are semi-
positive vectors of dimension n. Equation 9 results from 
multiplying Equation 4 by v and comparing it to Equation 8. 
0 ^  z' [-q + Mz] ^  -z'M' (z - v) + v' [-q + Mz + M' (z - v) ] (9) 
Since Equation 6 requires the expression, v'(-q+Mz) to be zero. 
Equation 10 results. 
0 ^ z* [-q + Mz] 2 - v') M'(z - v) ^ 0 (10) 
In Equation 10 (since M is n.s.d.) the strict equality 
holds so that: 
z'I-q + Mz] = 0 (11) 
Equation 11 indicates that the optimal value of the objective 
function of Problem V is zero, (see Plessner (96) , Theorem I, 
for a similar proof). Secondly, the optimal solution is also 
expressed in terms of the final prices multiplied by the con­
straint set. In terms of the notation of Problem I, Equation 
11 may be written as: 
19 
(p'f u', x') 
d 
-b 
-c 
-A 
B 
A'-B' 
- -
p 
u 
X 
= 0 (12) 
A set of positive slack variables fl, which convert the 
inequalities in the constraint set of Problem I to equalities 
are shown in Equation 13. 
-d = Dp 
b = 
c = A'p - B'u 
-Ax + Wp 
Bx + Wu 
+ Wx (13) 
The set of slack vectors W in Equation 13 may be substituted 
directly into Equation 12 to obtain Equation 14. 
p 'Wp + u 'Wu + X 'Wx = 0 (14) 
The constraint set of the Plessner problem contains n 
equations. There are 2n possible variables (n primal vari­
ables and n slack variables). All variables in Equation 14 
are non-negative, so their inner product cannot be zero unless 
at least one member of each pair (ziWi) is zero. The optimal 
solution to the Plessner Problem (Problem V), therefore, 
contains at most n non-zero variables. According to Lemke (78), 
if Problem V is non-degenerate, then it contains at least n and 
hence exactly n non-negative variables. 
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In Equation 13 the slack variables Wp, Wu, Wx have direct 
economic interpretations. The slack vectors, Wp, are merely 
the quantity of excess demand for each final product given a 
set of prices p and production levels x. The requirement that 
p'Wp=0 is interpreted to mean that if there is a non-zero price 
for any good, the supply of that good must equal demand. 
Excess supplies can exist in an equilibrium situation only if 
the corresponding price is zero. Similarly, u'Wu=0 implies 
that no value is imputed to any resource in excess supply. 
The requirement that x'Wx=0 means that no production activity 
occurs if the value from production is strictly less than the 
sum of exogenous costs plus rents of scarce resources used in 
production. 
Relationship of Present Methods 
to Other Studies 
The concept (initial constraint set corner-point solution) 
of self-dual non-linear programming problems has not been 
widely used because most applied problems are not of a self-
dual form until their Lagrangian constraints sets are formed. 
The concept, however, is valuable to economists and others 
who may be searching for a stationary point among a set of non­
exact differential equations. 
At least two other independent studies have recognized 
bhê OpLliTial aOluLlOii ââpêûLâ LO thê PlêââûêZ fonûulÂuiGîl. 
Yaron (293) in 1967 applied the concepts in a study on 
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incorporating income effects into a competitive equilibrium 
of the Plessner type. Takayama and Judge (112) have used a 
duality approach to also show the Plessner formation could be 
computed in the framework of Problem II-2. 
The Dantzig and Cottle concepts of negative semi-definite 
programming supplement or provide alternative approaches to 
the other two previous studies. The negative semi-definite 
programming concept allows the economist the generality of the 
Plessner formulation while utilizing the computational 
efficiency of the conceptually limiting (integrability) area-
maximizing approaches (113, 104). 
Application of Existing Algorithms 
to Self-Dual Programs 
The simplex pivoting algorithm for quadratic programs 
written by van de Panne and Whinston (287) has been programmed 
at Iowa State University to handle quadratic programs con­
taining up to 3550 total constraints. The algorithm is 
available under the user package name Zorilla (105). 
Zorilla has been used successfully to exploit the con­
straint set corner-point optimality feature of the Plessner 
problem, even though the algorithm was not designed for this 
purpose. Except that the matrix D is not required to be sym­
metric, the Plessner problem input to the Zorilla programming 
code in Piaure 2 is with th9 fonr. Of ths 
constraint set to the Takayama and Judge problem. When the 
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matrix D is not symmetric the problem supposedly being solved 
does not possess an objective function. 
To a researcher using an iterative algorithm two questions 
are of importance. First, will the sequence of interations 
converge to the desired solution (optimal) and, secondly, will 
the desired solution (optimal) be recognized if reached? The 
second question may be answered in the affirmative. The 
Zorilla algorithm will terminate with an optimal solution when 
the Kuhn-Tucker conditions are satisfied. For the Plessner 
problem shown in Figure 2, the Kuhn-Tucker conditions are 
satisfied when the following conditions are met: 
-d = Dp -Ax + Wp 
b = Bx + Wu 
c = A'p - B'u +Wx 
p "Wp + Û 'Wu + X 'Wx = 0 
p, u, X, Wp, Wu, Wx ^  0 
The conditions shown in Equation set 13 are the same conditions 
given in Equation set 11, so any optimal solution signaled by 
Zorilla will maximize Problems I and V and an optimal solution 
to Problems I and V will be recognized by Zorilla when 
encountered. 
The answer to the question on convergence is thought to 
be affirmative but remains unproven. The convergence proof 
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for the van de Panne-Whinston algorithm (287) depends on the 
monotonicity of the objective function with each iteration to 
prove cycling will not occur. Simplex algorithms successively 
examine a series of basic solutions until an optimal solution 
is found. Since there are only a finite number of possible 
solutions to be examined, the algorithm will converge in a 
finite number of steps if cycling does not occur. (When 
cycling occurs a particular series of solutions will be 
repeated an infinite number of times). 
Results from Lemke (78) may (with the assumption of non-
degeneracy) be applied to the solution path or sequence traced 
by Zorilla to demonstrate that any cycle (repeated sequence of 
solutions) which does occur must include the starting solution. 
To date, non-convergence because of cycling has not been 
a problem. Should convergence become a problem, the van de 
Panne-Whinston algorithm could be "converted" into either the 
Cottle and Dantzig algorithm (16) or into the Graves algorithm 
(43) by a change in the criteria used to select the pivot row 
for the simplex iterations. Neither the Cottle and Dantzig 
algorithm nor the Graves algorithm rely on the existence of 
an objective function for convergence. 
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Comparisons of Computational Efficiency 
The computation times required to obtain equilibrium 
solutions for varying sized problems are presented in Table 1. 
Each was solved with an iterative search for the equilibrium 
solution on a corner point of the initial constraint set versus 
a search for the equilibrium on a corner point of the 
Lagrangian constraint set. The two formulations of the Hall 
model are not strictly comparable because some of the data was 
modified in the shorter formulation (49). The data modifica­
tions in themselves, however, were not expected to reduce 
computational time. The computation times required for the 
model in the current study are reported in Table 1 although the 
results are not analyzed until Chapter 4. The decrease in 
computation time due to the reduction of the number of rows and 
columns required to specify a given problem was greater than 
expected, although it is generally believed that computation 
times increase between the square and cube of the problem size. 
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Table 1. Comparison of computer time and numbers of iterations 
required for alternative formulations of the 
Plessner competitive equilibrium problem 
Problem No. No. CPU Clock Iterations/ 
formulation rows iterations (sec.) time min.B 
min. 
Hall 156 X 156^ 
Original^. 156 92 10.2 1.4 66 
Shortened 72 40 5.2 0.9 42 
Hall Subproblem 11^ 
Original^, 604 509 236.5 20.6 25 
Shortened 300 143-154 25.3-30.6 2.5-3.2 50-60 
(6 sol'ns) 
Hall Livestock Model 
Original®, 3524 9100 n.a.® 3840.0 15 
Shortened 1744 1796 1893.6 210.0 8 
Current Model 
Shortened^ 2030 1601 1832.8 135 12 
^Iterations per minute of clock time. 
Source (47). 
°The optimal solution is found on a corner point of the 
Lagrangian constraint set. 
^The optimal solution is found on a corner point of the 
initial constraint set. 
®Not available. 
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CHAPTER III. PRESENT MODEL - STRUCTURE AND DATA 
Structure of the Current Model 
The tableau of the programming model outlined in this 
chapter is presented in Table 2. The application of the model 
in this study was to determine the equilibrium farm level 
prices and quantities of U.S. agricultural products demanded 
in 1980 under a free market situation. The 48 contiguous 
states and the District of Columbia were divided into 10 
spatially separated consuming regions or market areas as shown 
in Figure 2. The spatially separated consuming regions were 
linked by transportation vectors. Livestock production was 
defined at the level of the 10 consuming regions shown in 
Figure 2. Crop production was defined within the 103 producing 
areas shown in Figure 3. 
Consumer demand for each product in any given consuming 
region could be satisfied by production within that consuming 
region or by production in another consuming region linked by 
a transportation network. Transportation of intermediate 
products was also defined. For example, producers of livestock 
in a particular consuming region could use feed grains produced 
within that consuming region or feed grains produced in another 
consuming region. The final product could be consumed within 
the same consuming region or shipped to another consuming 
region for consumption. 
Table 2. Structure of the current model 
No. 
rows 
Primal variables 
prices 
RHS Final Inter- Pri-
price mediate mary 
price 
Lagrangian variables 
quantities 
Produc­
tion 
price activity Final 
Transportation Purpose of equation 
112 50 399 1156 
Inter-
products mediate 
products 
259 104 
TT2 Require that demand 
for final products be 
less than or equal to 
supply of final 
jproducts. 
Require demand for 
intermediate products 
be less than or equal 
to supply of inter­
mediate products. 
Require demand for 
primary resources be 
less than or equal to 
supply of primary 
_resources^i^ 
Require price to be 
less than or equal to 
cost + rent on fixed 
resources. 
Require the dTfFerence 
in price for a given 
product between any two 
regions to be less than 
cost of transportation 
for both final and in-
termediate products. 
-d> D -Af -Tf 
50 
T49r 
—e> -Ai -Ti 
r> Aj" 
1156 
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Figure 2. Location of consuming regions and livestock producing regions 
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Figure 3. Location of crop producing areas 
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The programming problem was to find the level of farm 
prices at which the quantities demanded by consumers and 
exporters match the quantities producers uere willing to 
supply. The set of constraints which requires that the value 
of farm production does not exceed the cost of production plus 
the value of scarce resources used in production insures that 
the final solution will be 'consistent with a competitive equi­
librium. 
The structure of the programming model used in this study 
is, with a few minor exceptions, identical to the model 
developed by Hall (47). The commodity space in the model is 
partitioned into 3 mutually exclusive classes (primary com­
modities or resources, intermediate commodities used for 
further production, and desired or final commodities for con­
sumption) . The specific listing of the commodities is shown 
in Table 3. Conceptually the model is expressed as the maxi­
mization of producer profits in the large subject to the 
conditions of a competitive market. Mathematically the problem 
is expressed as: 
maximize p'(d+Dp) + w'e - u'r - x'c - sf'Tf - si'Ti 
subject to 
d + Dp -Afx -Tf'sf £ 0 
e -Aix -Ti'si ^ 0 
-r +Ajx < 0 
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-c + Af'p + Ai'w - Aj'u < 0 
-tf + Tfp < 0 
-ti +Tiw < 0 
p, w, u, X, sf, si > 0 
where p, w and u are vectors respectively of final, 
intermediate and primary prices, 
X is a vector of production activities, 
sf and si are vectors representing interregional 
shipments of final and intermediate commodities, 
D is a matrix of demand coefficients with a constant 
term d, 
e is a vector of exogenous demands for intermediate 
goods, 
r is a vector of primary resources, 
Af, Ai, Aj are matrices of technical coefficients, 
relating to the conversion of primary resources 
into intermediate and final products through the 
production processes x, 
Td and Ti are transportation activities between 
consuming regions with respective transportation 
cost vectors td and ti, 
c is a vector of production costs exogenous to the 
model associated with the vector of production 
activities x. 
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Table 3. Classification of commodities 
Final or desired Intermediate Primary 
Cattle 
Calves 
Hogs 
Fluid milk , 
Manufactured milk 
Vegetable oil^ 
Wheatd 
Corn# 
Oatsd 
Barleyd 
Sheep and lambs 
Turkeys and 
chickens 
Eggs 
Cotton lint 
^Soybean oilmeal, cottonseed oilmeal. 
^Evaporated and condensed milk, cheese, ice cream, and 
butter. 
^Soybean oil, cottonseed oil, and other food oils. 
^Domestic consumption plus industrial use. 
Feed grains 
Oilmeals^ 
Roughage 
Feeder calves 
Yearlings 
All cropland 
All hayland 
Irrigated cropland 
Irrigated hayland 
Wild hayland 
Cotton land 
Pasture 
Beef cow capacity 
Milk cow capacity 
Fed beef capacity 
Hog capacity 
Demand Equations 
Wold and Jureen (290) and Frisch (37) have specified 
restrictions^ which may be placed on a set of market demand 
elasticities by assuming the consumer set is composed of 
1 
The restrictions imply homogeneity of the demand equa­
tions, a symmetric relationship between cross-price elastici­
ties, a restriction on the expenditure weighted sum of 
elasticities with respect to each price, a restriction on the 
the expenditure weighted sum of the income elasticities and the 
assumption that foods are not independent of non-foods. 
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representative individuals. Brandow (7) applied these 
restrictions to develop a set of direct price and cross-price 
elasticities for 28 major U.S. farm products. The demand for 
each of these commodities was a function of its price, the 
price of the 27 other commodities# consumer income and the 
index of non-food prices. 
In the present study, efforts were directed toward 
analysis of the performance of alternative forms of the Brandow 
system. Demand equations for the following commodities or 
commodity aggregates were used: 
cattle 
calves 
hogs 
sheep and lambs 
chickens and turkeys 
eggs 
fluid milk 
manufactured milk 
vegetable oil 
wheat for food 
corn for food and industrial use 
oats for food and industrial use 
barley for food and industrial use 
Brandow's (7) demand estimates encompassed changes in 
population growth, increases in consumer income and changes in 
tastes. For the current study, time trends affected by changes 
in taste were reestimated while the other parameters of the 
Brandow system were retained. The revised time trends (shifts 
in the demand equation intercepts) were derived as follows: 
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q(i,t) = d(i,t) + D(i)p(t) 
d(i,t) = q(i,t) - D(i)p(t) = aO + alT + e(t) 
where q(i,t) is the total quantity of the ith commodity 
demanded in year t, 
d(i,t) is the demand equation intercept of commodity i 
in year t, 
D(i) denotes the ith row of the demand matrix D, 
p(t) is a set of prices, consumer income and the index 
of non-food prices in year t. 
The parameters aO and al were determined by ordinary least 
squares^. 
The variations of Brandow's system tested were: 
a) performance of each alternative algebraic formulation 
2 
of Brandow's demand equations with nominal vs. deflated farm 
level prices. 
b) constant total farm level demand slopes vs. constant 
per capita demand slopes 
^The Durbin Watson was calculated for each equation. If 
the statistic did not reject the hypothesis of autocorrelated 
error structure, a one-step autocorrelated error model was used: 
d(i,t) = sO + s IT + s2*d(i,t-l) + u(t) 
al = (sO - bl)/s2, aO = (sO - sl*al)/(l-s2) 
The method was outlined by Mo (85). 
2 Deflated by the index of prices received by farmers. 
See Learn (77) for a discussion of the use of this index. 
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c) alternative algebraic forms of the demand equations 
(constant elasticities vs. Brandow's slopes vs. Hall's 
slopes^). 
Comparisons between results from the variations listed 
above were based on the Theil U statistic, the standard error 
of the equation, the average relative error and absence of 
first order autocorrelation. The particular Theil U statistic 
used was calculated as: 
TU = {Sum[q(i,t) - q(i,t)]^, t = 2,n}/{Sura[q(i,t) -
q(i,t-l)]^, t = 2,n}. (17) 
For the model under test, the Theil U value is the ratio of the 
sum of the squared error from prediction to the squared devia­
tion from a naive projection based on average change. 
The per capita form of the demand equation was selected 
for the programming model because of its greater consistency 
Hall (47) derived a set of linear demand slopes by con­
verting Brandow's elasticities to linear slopes using 1963-1965 
average prices and quantities. The relationship used was: 
3q(i)/ap(j) = e(i, j) *q(i)/p(j) 
where e(i,j) is the percentage change in quantity demanded of 
the ith commodity due to a percentage change in the 
price of good j, 
q(i) and p(j) are the 1963-1965 average quantities and 
prices, 
3q(i)/3p(j) is the linear slope showing the change in 
quantity demanded of good i due to a change in the 
price of good j. 
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with the underlying concept of the representative consumer. 
The results of the per capita forms of the demand equations 
used in the programming model are presented in Table 4. Per­
formance of the per capita form was slightly better than the 
total market demand forms, and the equations using prices in 
nominal dollars generally performed better than demand equa­
tions using deflated prices. The Theil U statistic indicated 
that the predictions from the use of simple average changes 
would have smaller average errors than would predictions from 
the use of the demand equations for food use of barley, eggs, 
chickens and manufactured milk. However, these equations were 
used since their standard errors (measured in 1963-65 dollars) 
were of a smaller magnitude than standard errors for other 
equations in the system (Table 4). 
In general/ the average relative error and the Theil U 
values of the constant elasticity forms of the Brandow equa­
tions were smaller than either of these statistics for the two 
constant linear slope forms. The quadratic programming model, 
however, specifies the use of linear demand equations. [Pro­
jections based on demand equations in a double log form 
(constant elasticity) cannot be converted to linear slopes 
unless appropriate prices and quantities are known.] There­
fore, linear equations based on the conversion of Brandow's 
elasticities .to slopes using 1963-1965 mean prices and 
quantities were chosen. The linear per capita demand slopes 
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Table 4. Intercept trends and historical performance of Hall^ 
per capita demand equations when evaluated with 
nominal farm level prices 
Coram. ^  Unit Demand eq. Rho^ D.W. Ave. Theil S.E.^ 
intercept relative ue ($ per 
Constant Trend errorf capita) 
(1964) 
CA lbs. 169.2 1.26 .47 1.35 .046 .46 1.48 
CF lbs. 2.0 -0.66 .73 1.47 .048 .18 .16 
HG lbs. 75.1 -0.83 .50 1.45 .014 .06 .39 
SL lbs. 15.1 -.04 .49 1.60 .077 1.00 .17 
CK lbs. 45.8 -0.31 .72 2.38 .070 1.31 .35 
TK lbs. 13.4 .14 - 1.45 .050 .37 .10 
EG doz. 27.3 -0.51 .42 1.95 .022 2.53 .26 
FM cwt. 154.3 -9.16 .87 1.35 .007 .47 .16 
MM cwt. 258.9 -5.60 - 1.92 .014 1.16 .42 
OL lbs. 27.5 .49 - 1.56 .040 .41 .16 
WH bu. 2.2 -0.03 .56 2.59 .008 . 66 .05 
CN bu. 1.8 .02 .63 2.18 .024 .53 .06 
OT bu. 0.2 - .74 1.49 .019 .57 — 
BY bu. 1.1 
1—1 o
 
r .78 1.54 .110 15.54 .07 
^Calculated by converting Brandow's elasticities to slopes 
using 1963-65 average prices and quantities. 
Id Commodity codes: CA, cattle; CF, calves; HG, hogs; SL, 
sheep and lambs; CK, chickens; TK, turkeys; EG, eggs; FM, fluid 
milk; MM, manufactured milk; OL, oil; WH, wheat; CN, corn; OT, 
oats; BY, barley. 
°First order autocorrelation coefficient. 
^Standard error of each equation multiplied by its 1963-
65 average price. 
®Theil U statistic calculated as {Sum[Q(t) - Q(t)]^, 
t = 1950,1968}/{Sum[Q(t)-Q(t-l)]2, t = 1950,1968}. 
f I /V I 
Average relative error calculated as Sum{ [|Q(t)-Q(t)|/ 
Q(t)], t = 1949,1968}. 
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used are consistent with those used by Hall et al. (49) which 
facilitates comparison of the two studies. 
A list of desired commodities for this study is given in 
Table 3. A fixed demand for cotton lint at the national level 
was specified. Demand equations for 3 of the commodities 
(chickens and turkeys, eggs, and sheep and lambs) were 
specified at the national level. Demand equations for the 
remaining commodities were specified for each of the consuming 
regions. 
The matrix of regional demand slopes is partitioned into 
4 submatrices: 
DR(i) 1 C(i) 
R(i) 1 DN(i) 
where DR(i) is a 10 x 10 matrix measuring the effect on 
regional demand in terms of regional prices, 
C(i) is a 10 X 3 matrix relating the effect of 
national prices to quantities demanded in region i, 
R(i) is a 3 x 10 matrix relating the effect of prices 
in region i to national demands, and 
DN(i) is a 3 X 3 subregion demand matrix. Summation of 
DN(i) over i equals DN. 
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The schemata showing the interrelationship between the 
effects of regional and national prices on the quantities 
demanded is shown in Figure 4. In Figure 4 the national demand 
for chickens and turkeys, for example, was influenced both by 
national prices and by all regional prices. Regional demand 
for a commodity such as cattle was influenced by prices in a 
particular region and the prices at the national level. 
Since the national demand matrix (Table 5) is consistent 
with a summation over individual consumer demand equations, the 
demand matrices shown in Figure 4 were derived from the 
national demand as: 
B' (i) = w(i) *D 
where B'(i) is a 13 x 13 matrix of demand slopes for 
consuming region i, 
w(i) is the proportion of total population in the 
ith region (Table 6), 
D is the 13 x 13 national demand matrix shown in 
Table 5. 
The regional demand intercepts are derived in a similar 
manner except that the regional intercepts are adjusted for 
expected regional differences in personal disposable income^; 
^Measured in 1963-1965 dollars. Population estimates are 
series B and the per capita disposable income estimates were 
made by the Office of Business Economics (214). 
Regional Prices 
Nat' 1 
prices 
NE D(l) DR(1) C(l) 
AP D(2) DR{2) C(2) 
SE D{2.) DR(3) C(3) 
DL D(4) DR (4) C(4) 
CB D(5) DR(5) C(5) 
LK D(e ) DR(6) C(6) 
NP D(7) DR(7) C(7) 
SP D(£l) DR(8) C(8) 
MT D(£i) DR(9) C(9) 
PC D(].0) DR(IO) C(10) 
US D(Mat' 1) 
R(l) R(2) R(3) R(4) R(5) R(6) R(7) R(8) R(9) R(10) DN 
Figure 4. Arrangement of regional and national demand equations in the programming 
model 
Table 5. National, farm-level demand for food use, 1980: 
slope coefficients showing the effect of a one-unit 
change in the farm price of the commodity at the head 
of a column on the demand for the commodities at the 
left and domestic intercept terms 
^ Cattle Calves Hogs Fluid Mfg. Oils Wheat 
Comm. milk milk 
CA -1300. 260 67. 593 124. 640 0. 048 3. 983 0. 125 2. 656 
CF 26. 636 -97. 912 11. 853 0. 002 0. 205 0. 006 0. 137 
HG 109. 692 26. 200 -559. 373 0. 028 2. 388 0. 075 1. 593 
FM 2. 092 0. 322 1. 069 -20. 902 1. 678 0. 017 0. 085 
MM 4. 787 0. 739 2. 448 1. 611 -107. 843 4. 503 0. 458 
OL 0. 437 0. 068 0. 224 0. 030 3. 544 -1. 845 0. 034 
WH 6. 619 1. 023 3. 387 0. 450 1. 233 0. 046 -9. 892 
CN 4. 336 0. 670 2. 219 0. 295 0. 808 0. 030 1. 194 
OT 0. 597 0. 092 0. 305 0. 041 0. 111 0. 004 0. 164 
BY 0. 067 0. 010 0. 035 0. 005 0. 013 0. 001 0. 019 
SL 43. 197 10. 319 26. 258 0. 002 0. 203. 0. 006 0. 135 
CT 3. 732 0. 577 1. 910 0. 254 0. 578 0. 016 0. 294 
EG 74. 863 17. 881 45. 512 0. 013 1. 056 0. 033 0. 703 
a 
Commodity codes: CA, cattle; CP, calves; HG, hogs; 
FM, fluid milk; MM, manufactured milk; OL, oil; WH, wheat; 
CN, corn; OT, oats; BY, barley; SL, sheep and lambs; CT, 
cotton; EG, eggs. 
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Corn Oats Barley Sheep & Chickens Eggs Intercept 
lambs & turkeys 
1. 066 0. 167 0. 024 60. 329 2. 965 149. 687 72208. 750 
0. 055 0. 009 0. 001 5. 569 0. 152 14. 096 1515. 605 
0. 639 0. 100 0. 014 31. 532 1. 778 79. 231 25128. 182 
0. 034 0. 005 0. 001 0. 194 0. 268 0. 909 5326. 598 
0. 184 0. 028 0. 004 0. 446 0. 560 2. 081 10335. 677 
0. 014 0. 002 0. 000 0. 041 0. 042 0. 190 1191. 838 
0. 730 0. 114 0. 016 0. 618 0. 865 2. 878 4690. 431 
-13. 940 0. 075 0. Oil 0. 405 0. 566 1. 886 4659. 278 
0. 066 -2. 563 0. 001 0. 056 0. 078 0. 259 585. 060 
0. 007 0. 001 -9. 297 0. 006 0. 009 0. 029 1394. 122 
0. 054 0. 008 0. 001 -181. 712 0. 151 21. 736 3539. 135 
0. 118 0. 019 0. 003 0. 349 -40. 394 1. 623 5771. 159 
0. 282 0. 044 0. 006 15. 156 0. 785 -466. 177 14787. 668 
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Tabic 6. Projected population and personal disposable a income 
by consuming regions for 1980b 
Consuming Population Personal Prop'n 
region disposable 
income 
(rail. ) (per capita) 
Northeast 61.016 3603.2 0.266 
Appalachia 20.246 2723.2 0.088 
Southeast 20.198 2691.2 0.088 
Delta 8.095 2457.6 0.035 
Corn Belt 38.552 3406.4 0.168 
Lake Sts. 19.419 3428.8 0.085 
N. Plains 5.206 2919.2 0.023 
S. Plains 15.445 2864.8 0.067 
Mountain 9.620 2896.8 0.042 
Pacific 31.169 3642.4 0.136 
U.S.G 228.964 3260.0 1.000 
^Measured in 1963-1965 dollars. 
^Source (214). 
°48 states plus Washington, D.C. 
d(i) = w(i)*[d + dl*(pl(i) - pi (US))] 
where d(i) is the domestic demand equation intercept, 
d is the national domestic demand intercept, 
dl is a 10 X 1 vector relating changes in personal 
disposable income to the quantity demanded at the 
national level, 
pl(i) is expected personal disposable income per capita 
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as given in Table 6 for the ith consuming region. 
If the national matrix from whence the submatrices are 
drawn is negative semi-definite, it can be readily shown that 
the form of the matrix in Figure 4 is still negative semi-
definite. Thus, the convexity properties of the programming 
model are not impaired. 
Exports 
Net exports are defined as total commercial exports less 
imports. Estimates of net exports were made for all of the 
desired commodities plus feed grains and oilmeal. The 1980 
demand for net exports is either a fixed amount or a linear 
equation whereby the quantity demanded for net exports varies 
inversely with the farm level price. 
The allocation of net exports among ports was made by 
a) allocating the national import equations among ports 
according to historical import patterns 
b) allocating the national export equation between ports 
according to historical export quantities 
c) subtraction of the import equation from the export 
equation to derive the net export equations. 
The national net export equations estimates for this 
study are presented in Table 7. The equations in Table 7 were 
estimated by an autoregressive least-squares technique. The 
independent variables used were time and the farm-level price 
Table 7. Regression equations used to estimate 1980 net exports 
Comm. Unit Constant Price Time RHO RZ Method 
CA^ Mil. lbs. -1128.06 -4469.03 ^ -157.53 .456 00
 
ALS^ 
(1.46)° (4.74) 
HG^ Mil. lbs. 36.14 -1561.04 -24.42 .491 00
 
CB
 
ALS 
(2.77) (4.92) 
MM Mil. lbs. 3774.71 - -1252.81 .267 .50 ALS 
(2.86) 
VO® Mil. lbs. -9026.09 - 188.96 — .92 OLS^ 
H (14.72) 
WH Mil. bu. -423.49 - 11.12 — .42 OLS 
(3.74) 
FG^ Thou, tons -1254.47 -3.21 - .870 CO
 
w
 
ALS 
(1.04) 
OM Thou, tons -9568.69 1388.21 
(.61) 
.95 OLS 
^Source of regression data: (121, 136, 173, 174, 175, 176, 177, 178). 
'^Autoregressive least squares technique. See Fuller and Martin (38). 
°t values in parentheses. 
"^Source of regression data: (241) . 
"Source of regression data: (229). 
f Ordinary least squares. 
^Sources of regression data: (232, 230, 237, 238, 239, 240). 
Table 8. Demand equations for net exports by consuming region for 1980 
Reg 
• 
Cattle Hogs Mfg. 
milk 
Oils Wheat Feed 
grains 
Oil-
meal 
(10® (10® (10^ (10^ (10^ (10^ (10^ 
lbs.) lbs.) lbs. ) lbs. ) bu. ) bu. ) tons) 
NE Const. -252.8 —2.6 — 31.8 290 7119 1197 
Slope^ -13.1 -12.4 - - — -2173 -
AP Const. - — - 31.8 124 7148 1205 
Slope - — - - - -2183 -
SE Const. — - - 43.2 20 1159 1591 
Slope - - - - - -354 -
DL Const. 51.0 8.6 171.4 357.7 1101 42104 13350 
Slope - - -4.2 — — -12851 -
CB Const. - — - 109.3 115 11205 4090 
SJ.ope - - - - - -3420 -
LK Const. -28.9 —3.2 171.4 34.5 157 9920 1283 
SJ.ope —2.0 —3.2 -4.2 - - -3028 -
NP Const. - - - - . - - -
SJ.ope - - - - - — -
SP Const. — — — 0.7 - 12151 26 
Slope - - - - - -3709 -
MT Const. - - - - - - -
SJ.ope - - - - - - -
PC Const. -879.8 2.3 171.4 — 1068 5786 -
S].ope -32.0 -4.2 -1766 
^The quantity demanded of net exports is an inverse function with respect to the 
farm ].evel price of each product. 
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adjusted for export subsidies. 
Domestic demand for cotton lint was set at 15 pounds per 
capita or 8.1 million bales. Net commercial exports of cotton 
were set at the 1967-1969 average, 1.80 million bales. The 
total demand for cotton lint (domestic plus net export) was 
9.89 million bales. The data sources were (10, 12, 242). 
Land Restraints and Rotation Weights 
The available land area of the continental United States 
was divided into 103 producing regions. Alternative activities 
for the production of various grain and forage crops were 
defined within each of the 103 producing areas. The geographic 
deliniation of the producing areas was the same as in the Hall 
study (47). The land resources defined were cropland, crop­
land plus hayland, wild hayland, pasture, irrigated cropland, 
irrigated cropland plus irrigated hayland, and cotton land. 
Cropland was defined as the total 1964 acreage of wheat, all 
corn, oats, barley, grain sorghum, soybeans, cotton, sorghum 
silage and sorghum forage plus estimates of cropland idled by 
the wheat, feed grain and cotton programs in each producing 
area. 
Cropland plus hayland was defined as cropland plus the 
1964 acreage of alfalfa, clover, timothy, lespedeza, grain 
hay, and other hay. A single pasture constraint was defined 
at the consuming region level and was calculated as if all 
land in the consuming region were devoted to pasture. The 
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pasture constraint was the total amount of pasture (in animal 
unit months) available from woodland pasture, permanent pasture, 
improved permanent pasture, cropland pasture, unimproved 
permanent pasture, and aftermath pasture in the consuming 
region. The activities relating to crops and roughages were 
constructed as outlined below. Each crop activity such as corn 
would require one acre of cropland, require one acre of crop­
land plus hayland, reduce the potential pasture supply by the 
amount of average pasture yield (aum), and add cy units of corn 
to the corn supply. A hay activity would require one acre of 
cropland plus hayland and would reduce the potential pasture 
supply by the amount of its average pasture yield and would 
add hy units to the roughage supply. The programming tableau 
would appear as follows: 
Total pasture supply 
Cropland 
Cropland + hayland 
Com supply row 
Roughage supply row 
Corn 
activity 
aum 
1 
1 
-cy 
Hay 
activity 
aum 
-hy 
The entire pasture supply is available for livestock produc­
tion unless the land is used for production of crops or hay. 
The structure of the tableau allows hay to be produced on 
cropland but crops cannot be produced on land suitable only 
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for hay or pasture. 
Ten regional irrigation areas were defined for the 17 
western states. The producing areas within each irrigation 
region are shown in Figure 5. The regional irrigated land 
constraints (cropland and cropland plus hayland) are the sums 
of the respective adjusted acreages in each of the producing 
areas in 1964. The 1964 acreages were adjusted to include all 
new lands brought under irrigation through 1969 and to include 
estimates of new irrigated land from Bureau of Reclamation 
projects scheduled for completion by 1980 (53). 
The irrigated crop activities were constructed in the 
following manner: Let pc(i) represent the proportion of the 
regional irrigated acreage that is included within the ith 
producing area. Assume there are n producing areas within the 
irrigation region and that the weights, pc(i) sum to 1. Each 
irrigated crop required one acre of irrigated cropland, one 
acre of irrigated cropland plus hayland, and each withdrew its 
per acre pasture yield from the regional pasture constraint 
and withdrew pc(i) acres of cropland and pc(i) acres of crop­
land plus hayland from each of the n producing areas included 
in the irrigation region. For irrigated hay activities, let 
ph(i) be the proportion of the regional irrigated cropland 
plus hayland located in the ith producing area. Each hay 
activity required one acre of irrigated cropland plus hayland, 
withdrew its pasture yield from the regional pasture constraint 
and required ph(i) acres from each of the n producing areas 
(g) AREAS ' REGION 26 
g : ; : 1° 
Figure 5. Location of irrigated producing regions 
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located within the irrigated region. 
A single regional cotton restraint was defined for each 
consuming region in which cotton had historically been grown. 
This restraint was equal to the 1953 acreage of cotton in each 
consuming region. The distribution of the cotton acreage with­
in the consuming region was fixed according to the 1964 distri­
bution of cotton acres. For example, let pct(i) be the 1964 
proportion of the regional acreage derived from the ith pro­
ducing area (The weights pct(i) sum to 1.). Each cotton 
activity required one acre of regional cotton land, pct(i) 
acres of cropland and pct(i) acres of cropland plus hayland 
from each of the producing areas within the consuming region 
and withdrew its pasture yield from the regional pasture con­
straint. If the cotton activity was irrigated, the cotton 
activity also withdrew land from the irrigated cropland and 
from the irrigated cropland plus hayland constraints. 
Crop activities such as feed grains were composed of 
fixed proportions of corn, oats, barley, and grain sorghum. 
The relative proportions (rotation weights) of each of these 
individual crops in the feed grain activity was based on the 
total acreage of each crop in 1964 and in 1959 in each produ­
cing area. The use of rotation weights reduces the tendency 
of the programming model to produce only one type of crop in 
any producing area. Unless otherwise indicated by historical 
data, soybeans were not allowed to occupy more than 50% of the 
total crop acreage in any producing area. Rather than add 
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additional rows to the model to constrain the soybean acreage, 
the soybean activity was given a rotation weight of 0.5 and 
joint production activities such as feed grain-soybeans were 
defined. It is recognized that this treatment does not allow 
the alternative of soybeans without the joint activity. The 
rotation weights used for the model for non-irrigated and 
irrigated producing areas are given in Appendix A, Tables 46 
through 49. 
Crop Yield Projections 
The crops analysed in the programming model included 
wheat, com grain, oats, barley, grain sorghum, soybeans, 
cotton, com silage, sorghum silage, tame hay^, and wild hay. 
Crop yields for 1980 were projected on the basis of historical 
trends adjusted for change in the proportion of acreage under 
irrigation and for change in fertilization practices. 
Fertilization practices analyzed were the proportion of the 
crop acreage receiving fertilizer and the quantity of 
fertilizer applied per acre fertilized. 
Published state level crop yields (261, 267, 268, 262, 
263, 264, 265, 266, 242) represent acreage weighted averages 
of yields obtained by individual producers. The systematic 
^Tame hay includes alfalfa, clover, grain hay, lespedeza, 
awy wccLii nay, uxuMjuiiy, pecuiuu uay, cuiu uûuex. ûciy. 
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adoption of agronomie yield-influencing practices by individual 
producers can be expected to impart biases to projections based 
on unadjusted historical trends. The problem inherent in 
making projections from historical time series composed of 
weighted averages is illustrated in Figure 6. In Figure 6 ,  
two trend projections based on separate irrigated and non-
irrigated com yields (11) are compared to a time-trend projec­
tion based on the average state yields. The linear projection 
of the state yield, which theoretically is a weighted average 
of the irrigated and non-irrigated trends, eventually exceeds 
both the irrigated and non-irrigated projections. Failure to 
adjust for the effects of fertilization could lead to similar 
results. 
Projection methods 
A general overview of the methods used to project crop 
yields is given below. The effects of irrigation must be 
accounted for when making yield projections in the 17 western 
1 
states . The approach used in the 17 western states is dis­
cussed later. After the general projection framework is 
specified, individual components of the crop projections will 
be discussed. 
^Ihe 17 western states are North Dcdcota, South DaAiota, 
Nebraska, Kansas, Oklahoma, Texas, Montana, IdcUio, Wyoming, 
1 ^ j % «am ^ tfS a» W \m « «M 
wucui^ WWXA / 
Oregon, California. 
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For each state and crop, response to fertilization was 
assumed to be given by a single variable Spillman function in 
Equation 18: 
Yf(t) = M(t) - A*R**x(t) (18) 
where Yf (t) is the average per acre yield obtained from 
acreage grown under fertilization, 
M(t) is the maximum physically obtainable yield in 
year t, 
A is the maximum amount of response obtainable from 
fertilization. A is assumed constant. 
R = 0.8^, 
x(t) is the quantity of fertilizer applied per acre 
in year t, 
** denotes exponentiation. 
Equation 19 is definitional, stating the reported state yield 
to be an acreage-weighted average of the yields from fertilized 
and unfertilized acres: 
In the typical Spillman formulation R is the ratio of 
successive marginal products. Following the suggestion by 
Ibach and Adams (70), R is held constant at 0.8 for all crops 
and the 'unit' of fertilizer is redefined. The redefinition 
consists of dividing the total pounds of nitrogen, phosphorus, 
and potassium by a factor, ux, which is obtained in the 
regression procedure outlined in (70). 
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Ys{t) = f(t)*yf(t) + [1. - f(t)]*yo(t) (19) 
where Yo(t) is the yield obtained without fertilization, 
f(t) is the proportion of acreage receiving fertilizer 
in year t. 
For convenience, the Spillman production function in Equation 
18 may be expressed as: 
It was assumed that genetic changes and improved management 
techniques affected neither the rate of crop response nor the 
total potential crop response from fertilization. Therefore, 
in Equations 19 and 20 the unfertilized yield, Yo(t), contains 
a time subscript while the potential response obtainable from 
fertilization. A, remains constant. An estimate was made of 
the residual change in crop yields due to factors other than 
fertilization conditional upon prior estimates of the param­
eters of the Spillman production function. The residual 
technical change was specified as the simple linear trend in 
Equation 21: 
Equation 21 and Equation 20 are substituted into Equation 19 
to obtain Equation 22. Variance of the fertilized yield is 
âûâuîuéu to be equal to the variance of the unfertilized yield: 
Yf(t) = Yo(t) + A*[l-R**x(t)] (20)  
Yo(t) = ao + alT + e(t) (21) 
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Ys(t) - f (t)*A*[l-R**x(t)] = Yot = ao + alT + e(t) (22) 
where T is a time variable. T = 0 in 1964, 
The regression results from Equation 22 for each crop in 
each of the eastern states are presented in ^pendix A, Table 
39. The residual trend equations for crops in the 17 western 
states will be discussed later. A projection from Equation 22 
requires estimates of the proportion of the acreage receiving 
fertilizer and of the quantity of fertilizer applied per acre. 
Projections of fertilizer application rates were based on the 
historical trend of actual quantity to optimal quantity ratio 
The optimal or profit maximizing application rate is given in 
Equation 23^: 
xopt(t) = {ln[px(t-l)/pc(t-l)] - InA - (-InR) }/lnR. (23) 
where xopt(t) is the optimal number of units of fertilizer 
to be applied. 
In is the natural logarithm operator, 
^The unit of fertilizer used in the Spillman functions is 
the total pounds of N + P + K divided by a factor, ux. The 
total cost of a unit of fertilizer, px(t-l) is given by 
pq(t-l)*ux where 
pq(t-l) = qn*pn(t-l) + qp*pp(t-l) + qk*pk(t-l). 
The term pq(t-l) is the lagged per pound price of fertilizer. 
Each pound of fertilizer is composed of nitrogen, phosphorus, 
and potassium in the respective proportions qn, qp, and qk. 
The respective per pound price of N, P, and K are pn(t-l) 
pp(t-l) andpk(t-l). 
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pc(t-l) is the price of the respective crop lagged 
one period, 
px(t-l) is the value of one unit of fertilizer lagged 
one period. 
In Equation 23, the optimal quantity of fertilizer 
depends only on the factor/product price ratio, the amount of 
potential response from fertilizer, A, and the ratio of suc­
cessive marginal products, R. Since changes in factor/product 
price ratio do not account for all of the increased applica­
tions of fertilizer, these increases were viewed as an adjust­
ment to the optimal level. Projected fertilizer application 
rates were based on the parameters estimated in Equation 24: 
xa(t)/xopt(t) = qO + qlT + w(t) 
ql > 0 (24) 
where xaCt) represents an estimate of the actual level of 
application in year t. 
The regression results for each crop in each of the eastern 
states are presented in Appendix A, Table 40. The proportion 
of optimality equations for the 17 western states require 
further derivation and are discussed later. The projected 
proportion of acreage receiving fertilizer (Equation 25) was 
also based on a linear trend analysis: 
f= fn 4. f 1 «n J. (ok\ 
59 
The regression estimates of the proportion of each crop 
receiving fertilizer in the eastern states are presented in 
Appendix A, Table 40. Similar estimates for crops in the 17 
western states are presented later. 
Crop yield projections at the state level (Equation 28) 
under specified prices can be made by evaluating Equations 22, 
26, and 27: 
f(80) = minimum [1.0, fO + flT(80)] (26) 
x(80) = xopt(80)*{minimum[1.0, qO + qlT(80)]} (27) 
Ys(80) = aO + alT(80) + f(80)*A*[1-R**x(80)]. (28) 
Restrictions on the system of equations 
In general the results from Equations 22, 24, and 25 were 
acceptable, but it was felt that the restrictions explained 
below would insure results which would be more realistic. The 
results presented in Appendix A, Tables 38 through 45 are 
consistent with these restrictions. 
Bounds on the residual technical trends were imposed by 
using êui assumption about non-negativity of the residual 
technological trend and cui assumption about farmer's historical 
tendency to apply less than the optimal level of fertilizer. 
The latter assumption was incorporated into a constraint in 
the following manner. The lagged crop and fertilizer prices 
U&CSWI XAi Uiie vx XCXUXXXXCX c&xe 
shown in the footnote to Equation 23. 
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The normal expectation was that the optimal quantity, 
xopt(t), would on the average be greater than the actual 
quantity, xact(t): 
Sum[act(t)*w(t), t = 1950,1969]/Sum[w(t), t = 
1950,1969] £ Sum[xopt(t)*w(t), t - 1950,1969]/ 
Sum[w(t), t = 1950,1969] 
where w(t) is the instrumental weight for year t. 
If the weighted average of the actual application rates 
exceeded the weighted average optimal application rate, the 
actual quantity was substituted into Equation 23. Equation 
23 was then rewritten to solve for the minimum A value con­
sistent with the hypothesis that the average application rate 
for the 1949-69 observation period had been less than the 
average optimal application rate: 
Amin = exp [pr-ln(-lnR) - lnR*x] (29) 
where pr = Sum{w(t)*ln[pq(t-l)/pc(t-l)], t = 1950,1969}/ 
Sum[w(t), t = 1950,1969] 
X = Sum[w(t) *xact(t), t = 1950,1969]/Sum[w(t), 
t = 1950,1969]. 
The number of units x is defined as: x = (N+P+K)/ux. 
Use of weighted regression procedure 
The estimates of actual quantity of fertilizer applied 
per acre fertilized were taken (when available) from annuax 
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survey data, from the Census of Agriculture, and from studies 
made by the U. S. Department of Agriculture. The remaining 
estimates were obtained by distributing state total fertilizer 
consumed among the crop acreages according to a series of 
interpolated distribution weights. The set of instrumental 
weights shown in Table 9 (while arbitrary) were designed to 
place greater emphasis on observations chosen from the census 
and survey data and less emphasis on data obtained by the 
interpolated distribution procedure. 
Fertilizer response functions 
Direct estimation of fertilizer response functions from 
time series data on crop yields and fertilizer consumption is 
difficult because of the high intercorrelation between 
increased inputs of fertilizer and increased inputs in the 
form of other agricultural chemicals, genetic improvements, 
and improved management techniques. This study used estimates 
of crop yield response functions obtained from data provided 
by Ibach and Adams (70). Their data was used to estimate 
single variable fertilizer (total nitrogen + phosphorus + 
potassium) response functions for each of the major crops in 
each state by parts of the 99 agricultural subregions 
^Por example A.S.R. 58 includes part of Iowa and part of 
Illinois. One function was defined for the part of A.S.R. 58 
wf lûwâ ôi'iu âiiûLhéï; £Unûi;lûn wââ uètlAêu £ù£ thê pâîTt. ûf A.S.R. 
58 in Illinois. For a complete description of the agricultural 
subregions, see Figure 1 and TéQ^le 1 in Ibach and Adams (70). 
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I 
Table 9. Instrumental weights used for weighted regression 
procedures 
Year Source of data Instrumental 
weight 
1949 Distribution^ . 1 
1950 U.S.D.A. study 3 
1951 Distribution 1 
1952 Distribution 2 
1953 Distribution 3 
1954 Census of Agriculture 4 
1955 Distribution 3 
1956 Distribution 2 
1957 Distribution 2 
1958 Distribution , 3 
1959 Census of Agriculture 4 
1960 Distribution 3 
1961 Distribution 2 
1962 • Distribution 2 
1963 Distribution 3 
1964 Census of Agriculture 4 
1965 U.S.D.A. survey^ 3 
1966 U.S.D.A. survey^ 3 
1967 U.S.D.A. survey^ 3 
1968 U.S.D.A. survey^ 3 
1969 U.S.D.A. surveyf 3 
^Distribution made according to methods developed by 
Auer (4). 
^Source (211). 
^Source (137). 
^Source (72). 
^Source (71). 
^Source (260). 
(A.S. R. 's) of the United States. Approximately 2000 indi-
vidual Spillman-type crop response functions were fitted using 
the regression methodology suggested by Ibach and Adams (70). 
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A feature of the procedure described by Ibach and Adams 
was the arbitrary assignment of R to a value of 0.8, When R 
(the ratio of successive marginal products) was assigned such 
a value, a unit of fertilizer was redefined accordingly. The 
number of units of fertilizer is related to the total pounds 
of elemental nitrogen, phosphorus and potassium by the factor^ 
ux. Additional information on the procedure is provided by 
the Ibach and Adams reference (70). Ibach and Adams also pro­
vided estimates of actual 1964 level of fertilizer application 
and the expected 1964 yield for that application. As cautioned 
by these two authors, the yield from the function was often at 
variance with the expected yield. A tolerance level of two 
proportional standard deviations around the expected yield was 
established. When the prediction from the fitted response 
function fell outside the assigned tolerance range, the M and 
A parameters of the fitted function were adjusted so the pre­
diction fell on the two standard deviation boundary. 
The functions used at the state level (see Equation 22) 
were obtained by aggregating the individual subregion functions 
to the state level using 1964 crop acreage weights. Following 
the methods outlined in Allen et al. (1), an exact aggregation 
procedure was devised. For an aggregation to be considered 
^The factor ux was chosen so that the ratio of successive 
fertilizer increments was a constant. Hence the factor ux was 
unique to each crop in each region. 
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exact, the aggregate function had to yield the same value as 
the sum of the individual functions: 
Ys (c) = M(c) - A*R**x(c) = Sum[w(ar*M(ar,c) , ar=l,n] 
+ Sum{w(ar)*A(ar,c)*[1-R**x(ar,c)], ar=l,n} (30) 
where Ys(c) is the state yield for crop c, 
M(c) is the aggregated maximum physical possible yield, 
A(c) is the aggregate potential response from 
fertilization, 
x(c) is the average per acre quantity of fertilizer 
applied, 
w(ar) is the proportion of the total aggregation 
weight applied to the arth subregion, 
M(ar,c), A(ar,c), x(ar,c) are the Spillman production 
function parameters in subregion A. 
There are several degrees of freedom in the aggregation given 
in Equation 30. However, the restrictions given in Equations 
31 and 32 were imposed: 
M(c) = Sum[w(ar)*M(ar,c), ar=l,n] (31) 
x(c) = Sumlw(ar)*x(ar,c), ar=l,n)]. (32) 
The aggregation of the remaining term A(c) is then determined 
and given in Equation 33: 
A(c) = Sum{w(ar)*A(ar,c)*R**[x(ar,c) - x(c)], ar=l,n}. (33) 
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Fertilizer distribution section 
The methods of estimating the annual application were 
slight variations of those developed by Auer (4). With 
respect to the Auer study, the time series in this study was 
shorter but the number of crops considered and the geographical 
coverage expanded. First the annual fertilizer application 
rates for com, cotton, wheat, and soybeans were obtained from 
survey data on cropping practices (260) since 1965. Estimates 
of consumption rates for all crops were available from studies 
based on the Census of Agriculture (137, 71, 72) and from the 
National Soil and Fertilizer Research Committee (137). The 
available crop consumption estimates were adjusted to confirm 
with state consumption estimates for the same years. To 
maintain consistency with the interceding years, estimates of 
harvested average by the Statistical Reporting Service replaced 
estimates in other studies (269, 268, 262, 263, 264, 265, 266). 
For the intervening years, the estimate of the acreage 
receiving fertilizer and initial estimates of the application 
rate for each was 
a) obtained directly from one of the sources mentioned 
above, 
b) determined by linear interpolation, or 
c) determined by projections of past rates of change. 
For each year between 1949 and 1969, in each state, a 
total quantity of fertilizer required was calculated by 
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multiplying the quantity of harvested acres by the proportion 
of acreage receiving fertilizer by the initial estimate of 
the application rate for each crop category and for each 
nutrient and summing over the crops. The initial estimate of 
the per acre application rate for each crop was then adjusted 
by the ratio of the state consumption estimate divided by the 
calculated requirement. The crop categories for which 
fertilizer use was estimated in each state in each year were 
wheat 
all corn 
oats 
barley 
all sorghum 
cotton 
soybeans 
tame hay 
wild hay 
crop land pasture 
miscellaneous crops 
non-farm use. 
The geographic coverage included the 48 states. For the 
17 western states, fertilizer use was also estimated for the 
irrigated and non-irrigated portions of each crop. 
Basic estimation model for the 17 western states 
Extension of the fertilizer adjustments discussed pre­
viously to the 17 western states was complicated by changing 
proportions of the crop acreage under irrigation. Differential 
adoption of fertilization rates as well as different rates of 
yield response to fertilization between irrigated and non-
irrigated crops add further dimensions to the problem 
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illustrated in Figure 6. The procedure for the 17 western 
states was to hypothesize separate changes in crops grown 
under irrigation and in crops not grown under irrigation. The 
hypotheses were formally stated as equations and put into an 
estimable form. Assume, for example, the respective yields 
on irrigated and non-irrigated acreages follow the simple 
linear trends shown in Equations 34 and 35: 
yi(t) = aO + alT + ei(t) (34) 
yd(t) = bO + blT + ed(t) (35) 
The relationships shown in Equations 34 and 35 are then 
substituted into Equation 33 to obtain Equation 36 which, 
after redefining the coefficients, is rewritten as Equation 37; 
ys(t) = bO + (bO-aO)*pi(t) + (al-bl)*pi(t)*T + bl*T + 
pi(t)et(t) + [1-pi (t) let (t) (36) 
ys(t) = cO + clpi(t) + c2pi(t)T + c3T + u(t) 
cO, cl, c2, c3 ^  0 (37) 
where pi(t) is the proportion of the crop irrigated in 
year t. 
It should be noted that in the case where either the irrigated 
or non-irrigated yield was available, pi(t) became 1 or 0 
respectively and the observed irrigated or the non-irrigated 
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yield was used as the dependent variable in Equation 37. The 
example shown in Figure 7 depicts the basic estimation model 
when only separate irrigated and non-irrigated yields from the 
Census of Agriculture are used to supplement the series of 
published state average yields. 
Adjustment for heteroscedasticity Since the purpose 
of irrigation is both to increase and stabilize crop yields, 
the above model can be expected to possess heteroscedasticity. 
The expected value of u(t)*u(t)' from Equation 37 is shown in 
Equation 38; 
E [u(t) *u(t) ' ] = E ei(t)*pi(t) + [1-pi (t) ] *ed (t) 
*{ei(t)*pi(t) + [1-pi(t)]*ed(t)} 
= Vl^pi(t)^ + VD^]l-pi(t)]^ + 
2VI*VD*pi(t)*[l-pi(t)] (38) 
2 2 The terms VI and VD are the respective variances of 
the irrigated and non-irrigated crop yields. There was in­
sufficient information to provide reliable estimates of either 
2 2 the variances VI and VD or their ratios. Analysis of plots 
of yields against time indicated that the variance of the 
non-irrigated yields was greater than the variance for the 
same crop grown under irrigation. Hence it wa,s assumed tha,t 
2 2 
the ratio of the variances VI /VD would be inversely pro­
portional to the square root of the respective yields. 
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Observed 
yield 
Yi(49) 
Yd(49) 
Ys(50) 
Ys(51) 
Ys(52) 
Ys(53) 
Yi(54) 
Yd(54) 
Ys(55) 
Constants 
CO CI 
Time 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
pi(50) 
pi(51) 
pi(52) 
pi(53) 
1 
0 
pi(55) 
C2 
-15 
0 
-14pi(50) 
•13pi(51) 
-12pi(52) 
•llpi(53) 
-10 
0 
-9pi(55) 
C3 
-15 
•15 
-14 
-13 
•12 
•11 
•10 
•10 
-9 
Yi(59) 
Yd(59) 
Ys(60) 
1 
1 
1 
0 
pi(60) 
-5 
0 
•5pi(60) 
-5 
-5 
-5 
Yi(64) 
Yd(64) 
0 
0 
0 
0 
Ys(69) pi(69) 5pi(69) 
Figure 7. Input design for basic crop yield model in the 17 
western states when separate irrigated and non-
irrigated yields are known for 1949, 1954, 1959, 
and 1964 (Number in parenthesis designates year; 
Yi, Yd, and Ys designate observed irrigated, non-
irrigated state average yields; Pi is the esti-
proportion of acreage irrigated.) 
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Regression strategy The basic model shown in Equation 
22 was used in several steps on the subsequent analysis. How­
ever, a similar regression strategy was followed with all 
variations of the basic model. A hierarchal system was 
established to check for sign (if restrictions were placed on 
the signs of the coefficients) and significance of the regres­
sion coefficients. The variables were ordered so that the 
coefficients could be checked in reverse order. If a regression 
coefficient was not significantly different from zero (t value 
<1.33) or was of the wrong sign, the variable was deleted and 
the equation refitted. An exception was made for the difference 
between the irrigated and non-irrigated intercepts where the 
coefficient was retained if the sign was correct. 
The system of instrumental weights explained previously 
was used to allow for varying degrees of confidence about the 
data on fertilizer application rates. The weighted least 
squares regression routine given by Bevington (5) was used. 
Incorporation of adjustment for fertilizer The basic 
estimation model in Equation 37 was expanded to incorporate 
fertilizer responses of irrigated and non-irrigated crops as 
shown in Equations 39 and 40. Equations 39 and 40 were then 
substituted into Equation 33 to adjust the reported state 
yield data for the effects of both irrigation and fertilization 
as shown in Equation 41: 
yi(t) = aO + alT + fi(t)*AI*[l-R**xi(t)] (39) 
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yd(t) = bO + blT + fd(t)*AD*[1-R**xd(t)] 
ys(t) - pi(t)*fi(t)*AI*[1-R**xi(t)] -
[l-fd(t)]*AD*[l-R**xd(t)] = CO + clpi(t) + 
c2pi(t)T + c3T + u(t) 
cO, clf c2, c3 ^  0. 
Equation 41 utilizes separate production functions for 
irrigated and non-irrigated crops. Equation 41 required 
separate estimates of both the proportions of irrigated and 
non-irrigated acreage receiving fertilizer and the respective 
quantities of fertilizer applied. Except for studies based on 
the 1954 and 1959 Census of Agriculture (137, 72), the required 
information was not directly available and was derived in the 
following recursive procedure: 
Step 1 Estimate the respective proportions of irrigated 
and non-irrigated acreage receiving fertilizer for each crop 
as described in Equations 42 through 45. 
Step 2 For each crop, use the production functions and 
assumptions about the linkage between the unobserved actual 
and calculable optimal fertilizer application rates and the 
results from Step 1 to estimate the average annual application 
rates. The assumptions and procedure for Step 2 are shown in 
Equations 46 through 51. 
Step 3 Use the data derived in Steps 1 emd 2 to analyze 
the time trend in the ratio of the actual application rates 
to optimal application rates. 
(40) 
(41) 
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Step 4 Use the results obtained in Steps 1 and 2 to 
estimate Equation 41. 
Step 5 Upper and lower bounds on the residual 
technological trends were established for results obtained in 
Step 2 through 4. The lower bound was implied by non-
negativity of the residual trends in Equation 41 and an upper 
bound on the residual trend was based on the implications of 
the 21 year average ratio of the estimated application rates 
to the optimal application rates. If the results fell outside 
these bounds, a quadratic programming routine was used to re-
estimate the technological trends and the production function 
parameters. Steps 2 through 4 were then repeated. 
Proportion of acreage fertilized The first step was 
to estimate, based on Equations 42 through 44, the proportion 
of acreage receiving fertilizer. The respective irrigated and 
non-irrigated adjustments for proportion of acreage fertilized 
are given by Equations 42 and 43. Except for census years, 
available data is described by the left hand term in Equation 
44. Equations 42 and 43 substituted into Equation 44 to obtain 
Equation 45 which is used for estimation: 
fi(t) = aO + alT + a2Td + ei(t) (42) 
fd(t) = bO + blT + b2Td + ed(t) (43) 
fs(t) = pi(t)*fi(t) + [l-pi(t)*fd(t) (44) 
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fs(t) = cO + clpi(t) + c2pl(t) + c3T + 
c4pi(t)Td + c5Td + u(t) (45) 
where Td is a dummy time trend to allow for a change in the 
trend for the proportion of the acreage fertilized 
past 1960. 
The structural coefficients estimated by Equation 45 for each 
crop in each of the 17 western states are presented in Appendix 
A, Table 43. 
Irrigated and non-irrigated fertilizer distribution 
The second step was to allocate fertilizer between use on 
irrigated and non-irrigated crops. For each of the elements 
(nitrogen, phosphorus, and potassium) the conditions of the 
total allocation are given by Equation 46. Equations 47 and 
48 reflect identities about the proportion of the fertilized 
acreage which is irrigated and that which is non-irrigated. 
Since the terms, fi(t) and fd(t) appeared as dependent vari­
ables in Equation 45, their predicted values (denoted by '') 
are substituted into Equation 46: 
tq(t,el) = pfi(t)*qi(t,el) + [1-pfi(t)]*qd(t,el) (46) 
pfi(t) = pi(t)*fi(t) (47) 
pfd(t) = [l-pi(t)]*fd(t) (48) 
i-rt I\ 4 e f-Xa 4-v r*f olôTnon-l-
el applied to a specified crop in year t, qi(t,el) 
74 
and qd(t,el) are the average quantities of element 
el applied to each irrigated and non-irrigated acre 
receiving fertilizer. 
In Equations 49 and 50 the difference between the actual (but 
unobserved) applications for each element and the optimal 
quantity times the 1959 actual quantity to optimal quantity 
ratio is expressed as a linear trend. The term optimal 
quantity refers to the profit maximizing quantity of fertilizer; 
qi(t,el) = aO + alT + a2Td + a3Ted + ip(el)*xopi(t)' (49) 
qd(t,el) = bO + blT + b2Td + b3Ted + dp(el)*xopd(t)' (50) 
where xopi(t)' = xopi(t) * xai(59)/xopi(59) 
xopd(t)' = xopd(t) * xad(59)/xopd(59) 
xai(59) is average actual quantity of total N + P 
+ K applied to irrigated acres receiving fertilizer 
in 1959, 
xad(59) is the average actual quantity of total N + P 
+ K applied to each non-irrigated acre receiving 
fertilizer in 1959, 
xopi(t), xopd(t) are the profit maximizing quantities 
of N + P + K in year t for irrigated and non-
irrigated acres respectively, 
Td is a dummy time trend to measure any change in 
application beginning in 1960 
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Ted is a dummy time trend (0 if the element to be 
allocated is nitrogen, 1 if the element to be dis­
tributed is phosphorus or potassium, 
ip(el) and dp(el) are the respective irrigated and 
non-irrigated proportion each element (N, P, or K) 
composes of ux. 
Equations 49 and 50 are then substituted into Equation 46 to 
give Equation 51 which was used for estimation. 
q(t,el)' = cO + clpfi(t) + c2pfi(t)T + c3Td + 
c4ed + c5Ted + e(t) (51) 
where cO = bO, cl = aO-bO, c2 = al-bl, c3 = bl, 
c4 = b3 = a3, c5 = b4 = a4. 
q(t,el) • = tq(t,el) - pfi(t) *ip(el) * xopi(t) -
(l-pfi(t)) * xopd(t) * dp (el) 
The reduced-form regression estimates from Equation 51 for 
each crop in each of the 17 western states are presented in 
Appendix A, Table 44. 
The third step was to estimate the time path of the 
actual quantity relative to the optimal quantity for the 
irrigated and the non-irrigated category of each crop. The 
respective time paths shown in Equations 52 amd 53 are linear. 
(Alternative forms of the time path were attempted but the 
linear form gave the more reliable results.) Utilization of 
the basic model shown in Equation 37 was not strictly necessary 
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but its use facilitated the implementation of the restrictions 
imposed with Equation 54. 
xai{t)/xopi(t) = aO + alT + ei{t) (52) 
xad(t)/xopd(t) = bO + blT + ed(t) (53) 
xr(j,t) = cO + clpi(t) + c2pi(t)T + c3T + u(t) (54) 
cO ^ 0, c3 ^  0, c2 + c3 0 
cO = bO c2 = al - bl 
cl = al-bl c3 = bl 
where xr(j,t) = xai(t)/xopi (t) if j = 1 
xad(t)/xopd(t) if j = 2 
pi(t) = (0 if j = 2; 1 if j = 1). 
The structural equation coefficients estimated for each crop 
in each of the 17 western states by Equation 54 are presented 
in Appendix A, Table 44. 
In Step 4 the results from Steps 1 and 2 were used in 
Equation 41 to adjust the state yields for the effect of 
fertilization and irrigation. The performance of the model 
in Equation 41 improved as the number of actual observations 
on irrigated or non-irrigated yields increased. Therefore 
efforts were made to incorporate all possible irrigated and 
non-irrigated yield data into the regression model. The 
sources of data for the irrigated emd non-irrigated yields in 
wa. Wco-c. X/ 9 WO we S uauxa kxv^cix 
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services, 2) Census of Agriculture, 3) miscellaneous state 
publications, 4) Bureau of Reclamation Statistical Appendices. 
Data from state statistical publications was limited to informa­
tion on crops grown in South Dakota (106), Nebraska (90), 
Kansas (.76), Wyoming (292), and Colorado (11). Limited 
information for California was obtained from (21). Additional 
irrigated state yields were estimated by aggregating the 
regional irrigated yields reported by the Bureau of Reclama­
tion (150, 151, 152, 153, 154, 155) into indices (1964 = 1.) of 
irrigated yields for each crop at the state level. Estimates 
of irrigated yields in each state for the year 1963 through 
1969 were derived by multiplying the reported state yield for 
1964 by the index calculated from the Bureau of Reclamation. 
This data was tested for comparability with reported irrigated 
yields in those states reporting irrigated yields for the same 
time span. A 0, 1 dummy variable was used for the data source 
and in only one case was the dummy variable significant at the 
10% level of probability. The derived data, therefore, was 
used without further adjustment. 
Step 5 was not executed if the results from Steps 3 and 
4 were consistent with the bounds implied by non-negativity 
of the residual trends emd on the average ratio between the 
estimated cuid actual optimal fertilizer application rates. 
It was assumed the average irrigated application rate would 
not exceed the average optimal rate by more than 20%. The 
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average non-irrigated application rate was not expected to 
exceed the average optimal rate. Following an initial alloca­
tion of fertilizer in Step 2, the changes in the A values of 
the Spillmem production function as well as the residual 
technological trends were estimated as shown in Equation 39. 
The regression equation was written: 
ys(t) = cO + dpi (t) + c2pi(t) + c3T + 
AI*fi(t)*[l.-R**xi(t)] + AD*fd(t)*[l. - R**xd(t)l + 
w(t) (55) 
The minimization of the residual sums of squares from 
regression in Equation 39 subject to a series of linear 
inequality constraints was handled as a quadratic programming 
problem. The quadratic programming program was to minimize 
Sum[w(t)^, t = 1949,1969] 
subject to AD ^  ADmin 0 
AI ^  Almin ^0 
AI > AD 
cO, cl, c2, c3 ^  0 
where ADmin and Almin are calculated as defined by 
Equation 29. 
The procedure was iterative between Steps 2,3 and 5. No 
attempt was made to determine the convergence properties be­
tween the recursive allocation of fertilizer and the subsequent 
partial reestimation of the production function but, in 
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practice, 3 iterations between Steps 2 and 5 proved to be 
sufficient for the distribution and production function esti­
mates to stabilize. There were 27 of a total of 123 crop 
yield projections in the 17 western states which fell outside 
the tolerance limits and were resolved by the constrained 
regression procedure. 
Analysis of adjustments for fertilization 
The projected yields for crops within each state are 
presented in Appendix A, Tables 38 through 45. Comparisons 
between yield trends at the regional level are summarized in 
Tables 10 and 11 and at the state level in Appendix A, Tables 
38 and 41. The regional trends presented in Tables 10 and 11 
are weighted averages of the trends for individual states with­
in each region. The aggregation weights used were 1963-1965 
acreages of each crop in each state within the consuming 
region. 
In general, the total unadjusted yield trends for the 
1949/1969 period were greater than the unadjusted^ trends 
reported by Heady and Auer (52) for the 1939-1969 period. In 
2 the eastern producing regions the unadjusted com yield trend 
^Heady and Auer also estimated the effects of locational 
shifts on crop yields at the national level. References made 
here to the Heady and Auer study cissume the locational effects 
remain constant. 
2 
Northeast, Lake States, Com Belt, Appalachia, Southeast, 
and Delta. 
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Table 10. Comparison of yield trends before and after adjust­
ment for fertilization in eastern consuming regions 
Region Adj. Unadj. Ratio Adj. Unadj. Ratio 
trend trend trend trend 
Wheat Com 
(bu.) (bu. ) 
Northeast 0.39 0.74 0.54 0.22 1.52 0.15 
Lake Sts. 0.16 0.74 0.22 0.53 1.61 0.33 
Com Belt 0.33 0.82 0.40 0.67 2.36 0.29 
N. Plains 0.00 0.00 0.00 0.00 0.00 0.00 
Appalachia 0.49 0.89 0.55 0.83 1.97 0.42 
Southeast 0.14 0.77 0.18 0.26 1.50 0.17 
Delta 0.49 0.70 0.71 0.15 1.01 0.15 
East. Sts. 0.32 0.80 0.40 0.62 2.14 0.29 
Oats Barley 
(bu. ) (bu. ) 
Northeast 0.53 0.87 0.61 0.46 0.94 0.49 
Lake Sts. 0.59 1.00 0.59 0.61 1.03 0.59 
Com Belt 1.10 1.13 0.98 0.39 0.79 0.50 
N. Plains 0.00 0.00 0.00 0.00 0.00 0.00 
Appalachia 0.43 0.89 0.48 0.74 0.94 0.79 
Southeast 0.09 0.87 0.10 0.00 0.91 0.00 
Delta 0.97 1.35 0.72 0.43 0.57 0.75 
East. Sts. 0.77 1.03 0.74 0.56 0.96 0.58 
Grain sorghum Soybeans 
(bu. ) (bu. ) 
Northeast 0.00 0.00 0.00 0.27 0.37 0.72 
Lake Sts. 0.00 0.00 0.00 0.17 0.23 0.76 
Corn Belt 1.07 2.64 0.40 0.33 0.41 0.81 
N. Plains 0.00 0.00 0.00 0.00 0.00 0.00 
Appalachia 0.99 1.42 0.70 0.25 0.40 0.62 
Southeast 0.70 1.36 0.51 0.38 0.51 0.73 
Delta 0.27 1.43 0.19 0.25 0.30 0.82 
East. Sts. 0.94 2.19 0.43 0.29 0.37 0.79 
Cotton lint Corn silage 
(lbs.) (tons ) 
Northeast 0.00 0.00 0.00 0.10 0.22 0.45 
Lake Sts. 0.00 0.00 0.00 0.00 0.12 0.00 
Com Belt 5.63 8.59 0.66 0.00 0.00 0.00 
N. Plains 0.00 0.00 0.00 0.00 0.00 0.00 
Appalachia 4.11 5.60 0.73 0.00 0.00 0.00 
Southeast 7.24 8.60 0.84 0.00 0.00 0.00 
Delta 10.82 14.27 u  .  / o  G. GO G .00 V  .  v v  
East. Sts. 8.49 10.99 0.77 0.04 0.16 0.26 
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Table 10 (Continued) 
Region Adj. Unadj. Ratio Adj. Unadj. Ratio 
trend trend trend trend 
Tame hay 
(tons) 
Northeast 0. 00 0.00 0. 00 
Lake Sts. 0. 00 0.00 0. 00 
Com Belt 0. 03 0.04 0. 74 
N. Plains 0. 00 0.00 0. 00 
Appalachia 0. 01 0.02 0. 46 
Southeast 0. 02 0.05 0. 42 
Delta 0. 02 0.03 0. 69 
East. Sts. 0. 02 0.04 0. 61 
was 2.14 bushels per year. Fertilization accounted for all 
but 29% or 0.61 bushels of the annual com yield increase. In 
the western regions^ the unadjusted trends for irrigated and 
non-irrigated com were 1.55 and 2.80 bushels respectively. 
Increased fertilization explained a larger proportion of the 
increased yield on irrigated acreage, 60%, them on non-
irrigated acreage, 48%. The Heady and Auer study for the 1939 
1969 period included approximately 80% of the total corn 
acreage reported unadjusted yield trends of 1.04 bushels. The 
authors attributed .67 bushels of the emnual increase to 
factors Other than fertilization and locational shifts. 
^Northern Plains, Southern Plains, Mountain, and Pacific. 
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Table 11. Comparison of aggregated crop yield trends for 
irrigated and non-irrigated crops before and after 
adjustment for fertilization in the 17 western 
states 
Non-irrigated Irrigated 
Consuming Adj. Unadj. Ratio Adj. Unadj. Rati( 
region trend trend trend trend 
Wheat 
-
(bu. ) 
N. Plains 0.42 0.66 0.63 0.33 0.56 0.58 
S. Plains 0.47 0.60 0.79 0.43 1.14 0.37 
Mountain 0.49 0.51 0.96 0.30 0.79 0.38 
Pacific 0.09 0.62 0.15 0.60 1.54 0.39 
W. States 0.42 0.62 0.67 0.39 1.00 0.39 
Com 
(bu. ) 
N. Plains 0.79 1.58 0.50 0.98 2.94 0.33 
S. Plains 0.98 1.39 0.71 1.86 2.48 0.75 
Mountain 0.50 0.95 0.52 1.38 2.19 0.63 
Pacific 1.27 1.54 0.83 1.92 2.46 0.78 
W, States 0.81 1.55 0.52 1.12 2.80 0.40 
Oats 
(bu. ) 
N. Plains 0.99 1.13 0.88 1.00 1.34 0.75 
S. Plains 0.21 0.58 0.36 0.15 0.83 0.18 
Mountain 0.62 0.69 0.89 0.29 0.73 0.40 
Pacific 0.37 0.65 0.57 0.67 1.39 0.48 
W. States 0.85 1.02 0.84 0.41 0.91 0.45 
Barley 
(bu. ) 
N. Plains 0.99 1.06 0.93 1.21 1.13 1.07 
S. Plains 0.29 0.80 0.36 - 0.81 -
Mountain 0.57 0.67 0.84 0.32 1.15 0.27 
Pacific 0.17 0.62 0.27 0.21 1.08 0.19 
W. States 0.64 0.85 0.76 0.26 1.11 0.23 
Grain Sorghum 
(bu.) 
N. Plains 0.51 1.91 0.27 0.45 2.50 0.18 
S. Plains 0.68 1.22 0.56 0.77 1.89 0.41 
Mountain 0.20 0.62 0.32 0.21 2.06 0.10 
Pacific 0.02 1.24 0.02 0.02 1.49 0.01 
W. States 0.57 1.58 0.36 0.59 1.98 0.30 
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Table 11 (Continued) 
Non-irrigated Irrigated 
Consuming Adj. Unadj. Ratio Adj. Unadj. Ratio 
region trend trend trend trend 
Soybeans 
(bu. ) 
N. Plains 0.40 0.41 0.97 0.25 0.27 0.93 
S. Plains 0.20 0.42 0.47 0.18 0.49 0.37 
Mountain - - - - - -
Pacific - - - - - -
W. States 0.38 0.41 0.93 0.20 0.42 0.48 
Cotton Lint 
(lbs.) 
N. Plains - - - - - -
S. Plains - 3.62 - 0.20 5.71 0.03 
Mountain 0.22 0.71 0.31 9. «5 3.58 2.75 
Pacific - - - - - -
W. States 0.00 3.61 0.00 1.60 4.24 0.38 
Com Silage 
(tons) 
N. Plains 0.10 0.15 0.71 0.56 0.72 0.77 
S. Plains 0.33 0.46 0.71 0.33 4.17 0.08 
Mountain 0.09 0.31 0.30 0.09 0.31 0.29 
Pacific 0.01 0.11 0.13 0.32 0.46 0.69 
W. States 0.11 0.16 0.68 0.25 0.47 0.54 
Tame Hay 
(tons) 
N. Plains 0.02 0.02 1.00 0.03 0.06 0.42 
S. Plains 0.01 0.04 0.32 0.12 0.16 0.73 
Mountain 0.04 0.04 1.00 0.04 0.07 0.63 
Pacific 0.03 0.04 0.81 0.05 0.10 0.46 
W. States 0.02 0.03 0.83 0.04 0.08 0.56 
Unadjusted wheat yield trends for the eastern regions 
were 0.8 bushels per year as compared to 0.62 bushels and 1.00 
bushels per year respectively for the western non-irrigated 
and irrigated crop areas. Fertilization explained a larger 
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proportion of the yield trend in the eastern regions, 62%, and 
in the western irrigated areas, 61%, than in the western non-
irrigated areas, 33%. The residual wheat yield trends for the 
eastern, western irrigated and western non-irrigated areas were 
respectively 0.32, 0.39 and 0.42 bushels per year. Heady and 
Auer reported unadjusted and unadjusted yield trend of 0.34 and 
0.19 bushels respectively. Auer (4) estimated oats yields 
increased by 0.48 bushels per year^ for the 1942-1962 period. 
Fertilization accounted for only 33% of the annual increase and 
was less important in explaining total yield increases than 
variety improvement in the Auer study. In the current study, 
unadjusted trends in oat yields in the eastern, western irri­
gated and western non-irrigated regions were 1.02 and 0.91 
2 bushels respectively . Increased fertilization accounted for 
38% of the oats yield trend in the eastern regions and for 55 
and 16% of the yield trend for irrigated and non-irrigated 
areas in the western regions. The respective residual trends 
for the eastern, western irrigated and western non-irrigated 
regions were 0.97, 0.29 and 0.62 bushels per year. 
^Based on evaluation of prediction equations after 
adjustment of negative influences on yields. 
2 The aggregated trends for the non-irrigated areas may 
exceed the aggregated trends for the irrigated areas because 
the distribution of irrigated and non-irrigated weights 
attached to individual states within each region is not 
identical. 
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Total unadjusted grain sorghum yield increases of 1.43, 
0.58 and 1.98 bushels (for the eastern, western non-irrigated 
and western irrigated areas respectively) are much greater 
than the 0.79 bushel annual average yield increase reported 
by Auer. The residual trends in the western irrigated and 
non-irrigated areas of 0.57 and 0.58 per year also exceed the 
comparable Auer estimate of 0.21 bushels. The residual trend 
for the eastern consuming regions, .27, bushels is similar to 
Auer's finding. 
In the current study, fertilization was less important 
for explaining increased soybean and tame hay yields than for 
yields of crops such as com, oats, barley, and grain sorghum. 
Unadjusted annual increases in soybean yields were estimated 
at 0.31, 0.41, and 0.42 bushels for the eastern, western non-
irrigated and western irrigated regions. The residual trends 
were 83%, 93% and 47, of the respective unadjusted yield 
trends for the eastern, western non-irrigated, and western 
irrigated regions. Fertilizer explained 39% of the total in­
crease in tame hay yields in the eastern states. Heady and 
Auer found that while the total unadjusted soybean yields had 
increased 0.34 bushels per acre, only 22% of the increase 
could be attributed to increased fertilization. However they 
attributed 58% of the .014 ton per acre annual increase in 
tame hay yields to increased fertilization. 
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Crop projection at the producing area level 
In each of the 103 producing areas and in each of the 10 
irrigated regions, a production function was specified for 
every crop activity. The crops included in the programming 
model were wheat, corn, oats, barley, grain sorghum, soybeans, 
cotton, silage, tame hay and wild hay. For each producing 
area, crops were included in one of the following activities 
if 1000 acres or more of that crop was reported in the 
producing area in 1964; 
wheat for food feed grain 
corn for food feed grain-soybeans 
oats for food feed grain-hay 
barley for food feed grain-silage 
hay-silage. 
If possible, the production function was obtained by 
aggregation over individual functions defined by the parts of 
the Ibach and Adams (70) subregions which intersected with 
each producing area in the model. The Ibach and Adams data 
was extensive, but there were several areas where crops were 
grown but no production function was defined. In these cases, 
the function obtained by aggregating over the Ibach and Adams 
subregions to the U.S.D.A. consuming region level was used. 
If no function was found at the consuming region level, 
the function obtained by aggregating to the level of the 
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eastern states or to the level of the 17 western states was 
used. 
The trend estimates used for projections from each of the 
producing areas were aggregated from the corresponding projec­
tions for the states which intersected each producing area. 
The unfertilized yield equation at the producing area level 
was: 
yo(pa) + yl(pa) = Sum{[yo{s) + yl(s)l*w(s), s=l,n} (56) 
where yo(pa) is the aggregated unfertilized yield in the 
pa'th producing area in 1964, 
yo(s) is the corresponding regression estimate for 
state s, 
y*(pa) and yl(s) are respectively the aggregate time 
trend for the pa'th producing region and the time 
trend for state s. 
The respective equations for the proportion of acreage 
receiving fertilizer and the proportion of optimality were 
obtained by aggregating over the states which contained the 
pa'th producing area: 
fo(pa) + fl(pa)T = Sum{w(s)*[fo(s) + fl(s)T], s=l,n} (57) 
op (pa) + opl(pa)T = Sum{w(s)* lop(s) + opl(s)T], s=l,n}, (58) 
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Since T is a time variable which is equal to zero in 1964, the 
1964 yield obtained by the adjusted functions at the producing 
area was: 
yo(pa) = yo(pa) + fo(pa) *A* [l-R**xopt*op(pc) ]. 
Information gained from the state level projections was 
used in making initial adjustments in the production function 
parameters. For example, let the initial prediction equation 
(crop subscript omitted) at the producing area level be des­
ignated as : 
y (pa) = yo(pa) + f (pa) *A* [1-R**x(pa) ] (59) 
where yo(pa) is the aggregated unfertilized yield in the 
pa'th producing area, 
f(pa) is the proportion of the acreage receiving 
fertilizer in 1964, 
A is the maximum response obtainable from fertilizer 
in the pa'th producing area, 
x(pa) is the level of fertilizer application in the 
pa'th producing area, 
R = 0.8 
The unfertilized yield was adjusted as yo(pa): 
yo(pa) = yo(pa)*Sum{w(s)*[yo(s)/yos(s)], s=l,n} 
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where yo(s) is the regression intercept^ from Equation 22 
for state s. (The summation is over all states 
which intersect with the pa'th producing area.)# 
yo(s) is the state level unfertilized yield obtained 
by aggregating the Spillman function parameters to 
the state level, 
w(s) is the proportion of the producing area which 
lies in state s. 
Any adjustments in the Spillman A values at the state level 
were relayed to the producing area as follows: 
A = A*Sum{w(s)*[A(s)/AA(s) 1, s=l,n} 
where A(s) is the Spillman function A value returned from 
the state (s) level regression, 
AA(s) is the initial estimate of the Spillman A value 
obtained by aggregating the appropriate Spillman 
production functions to the state level. 
The producing area functions were further adjusted to 
pass within a 0.5% tolerance r«mge around the expected 1964 
producing area yield. The expected yield in the pa'th 
producing area, ye(pa), was: 
^Time is 0 in 1964 so the time trend portions of the 
unfertilized yield equations, the proportion of acreage 
receiving fertilizer, and the proportion of optimality are 
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ye(pa) = r (pa) *Sum[w(s) *yp(s), s=l,n] 
where r(pa) is the ratio of historical yield in the pa'th 
producing area to the yield in the intersecting 
state(s). The historical period used was from 
1950-1960 and 1964. 
yp(s) is the predicted 1964 yield in state s. 
The ratio between the yield implied by the adjusted prediction 
equation and the expected yield was calculated from: 
R1 = ye(pa) / yl(pa). (60) 
Further adjustments in the prediction were not made if 0.995 _< 
R ^  1.005. The final centering of each producing area was 
through adjustments on the intercepts of the unfertilized 
yield Equation 56 and on the proportion of optimality Equation 
58. The intercept of the unfertilized yield equation was 
adjusted directly: 
yo(pa) = yo(pc)*Rl. 
The adjustment to the intercept of Equation 58 (optimality) 
was iterative. First Equation 61 was solved for pop(pa): 
Rl{fo(pa)*A*[l-R**x(64)] } = 
fo(pa) *A* [l-R**xop(pa) *pop(pa) ] (61) 
where xop(pa) is the profit maximizing level of fertilizer. 
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If the initial value of pop(pa) did not lie in the zero to one 
interval, then the Spillman A value was parameterized until a 
solution with pop (pa) within the zero to one interval was 
obtained. The parameters as adjusted by Equations 60 and 61 
were reinserted into Equations 58 and 59 to obtain the produc­
ing area yields. The optimality calculations required for 
Equation 58 were based on 1963-65 prices. 
Livestock Activities 
Livestock production activities (beef cows, hogs, dairy, 
and beef feeding) were defined for each of the 10 consuming 
regions in the model. National production activities were 
defined for hens and chickens, broilers and turkeys, and for 
sheep and lambs. 
The specific livestock production activities included in 
the model at the regional level were; 
1. beef cow production 
2. fluid milk production 
3. manufactured milk production 
4. hog production 
5. yearling calf production 
6. eastern deferred-fed cattle 
7. southern deferred-fed cattle 
8. cattle on extended silage 
9. calves on silage 
10. yearlings on silage 
11. yearlings with no silage 
The livestock activities defined at the national level 
were: 
1. hens and chickens 
2. broilers and turkeys 
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3. sheep and lazobs 
The definition of national producing activities restricts 
the analysis of these activities to a determination of the 
total level of production. 
However definition of activities at the national level 
does provide more flexibility than would treating the activi­
ties as exogenous to the model. The increased computational 
space required for nationally defined activities is minimal. 
The regional allocation of the nationally defined activities 
was set so that each activity withdrew feed (TDN, protein, and 
roughage) from each consuming region in accordance with 1963-
1965 distributions of that activity. 
Except for dairy cattle and for broilers and turkeys, 
the actual feed required per unit of production for each live 
animal was not changed from the 1963-65 level. Feed require­
ments amd milk production per dairy cow were estimated 
recursively to provide consistent projections of relations 
between feed inputs and milk output. Data on dairy cow feed 
intake and on milk production per cow was obtained from data 
supplied by dairy herd reporters as reported in (144, 145, 146, 
128, 129, 130, 131, 195, 196, 197, 198, 199, 200, 201, 202, 
203, 204, 217, 218, 219). The information on milk production 
and feed consumption was gathered by states over the 1949-1969* 
time span. The following recursive system was defined for 
each state: 
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tdn(t) = al + a2T + e(t) 
mc(t) = bO + bl tdn(t) + u(t) 
where tdn(t) is total feed intake measured in total 
digestible nutrients, 
mc(t) is the milk per cow in year t, 
tdn(t) is the predicted tdn required per cow. 
The individual state projections were aggregated into 
consuming region level projections. The aggregation weights 
used were 1963-1965 dairy cow numbers in each state. The 
estimated regression equations for each livestock producing 
region are presented in Tables 12 and 13. 
Table 12. Regression estimates of total digestible nutrient 
intake for dairy cows by consuming region 
2 
Region Const. Trend Pred. T val. R D.W. Rho T val. 
trend Rho 
New Eng. 13437. 84. 89 16154. 6. 37 .692 1. 19 
Com Belt 13486. 153. 83 18409. 9. 72 .840 1. 32 
Lake St. 10786. 195. 24 17033. 11. 41 .878 1. 45 
N. Plains 12226. 98. 10 15366. 4. 46 .525 2. 33 
Appalachia 8680. 110. 25 12208. 7. 68 .766 1. 29 
Southeast 1460. 295. 87 13315. 4. 87 .918 1. 96 
Delta St. 3756. 272. 62 12479. 9. 43 .832 2. 19 
S. Plains 5700. 375. 44 17713. 15. 25 .928 1. 28 
Mountain 14822. 212. 58 21624. 8. 40 .797 1. 82 
Pacific 12421. 231. 37 19825. 9. 83 .843 1. 27 
U.S. 10768. 200. 34 17179. 18. 68 .951 1. 54 
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Table 13. Regression estimates of dairy cow milk output-total 
digestible nutrient intake relationships 
2 
Region Const. Trend Pred. T val. R D.W. Rho T val. 
trend Rho 
New Eng. -7063. 2. 82 12510. 8. 50 .995 2. 38 .787 7. 25 
Com Belt -5353. 1. 28 11960. 17. 83 .990 2. 09 .541 3. 03 
Lake St. -4236. 1. 26 11949. 15. 67 .989 1. 91 .554 3. 46 
N. Plains -7193. 2. 44 10531. 6. 35 .984 1. 87 .733 5. 31 
Appalachia -3337. 2. 37 10011. 3. 97 .989 1. 66 .824 8. 01 
Delta St. -705. 1. 16 9245. 3. 09 .990 1. 92 .865 10. 09 
S. Plains -1306. 0. 98 12476. 6. 92 .986 1. 79 .736 6. 22 
Mountain -4413. 0. 94 11219. 13. 33 .982 1. 82 .515 2. 80 
Pacific -3306. 1. 00 13663. 17. 28 .985 1. 96 .458 2. 16 
U.S. -3363. 1. 25 11908. 14. 80 .994 2. 34 .647 5. 22 
Feed required per 100 pounds liveweight of sheep and lambs 
remained constant at the 1963-1965 level as given by Allen 
et al. (2). Projected feed required per 100 pounds of broiler 
and turkey production was obtained from linear trends using 
an autoregressive least squares technique (38). 
Hall's (47) production coefficients for beef cows, dairy 
cows, hogs and beef feeding were adjusted for changes in the 
number of births saved per producing unit, and for changes in 
the death rate. The projected number of calves saved per cow, 
the number of pigs weaned per sow farrowing, and the number of 
cattle deaths relative to the number of cattle on farms on 
January 1 were also based on historical (1949-1969) trends on 
a state by state basis. The state projections, adjusted for 
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autocorrelation, were weighted into consuming region level 
projections. The weights were appropriate 1963-1965 livestock 
in each state. The sources of data were (126, 127, 136, 173, 
174, 175, 176, 177, 178). The total feed efficiency for the 
livestock sector was increased somewhat by the improved calving 
and farrowing rates and by a decrease in the death rates. The 
coefficients for each livestock activity in each producing 
region are presented in Appendix B, Tables 58 through 68. 
Cost Derivation and Projection 
In a typical inear activity analysis programming model, 
the quantity of each input required per activity unit is 
specified before the programming model is solved. If the 
value of certain inputs is also specified before the program­
ming model is solved, then the value of these inputs is 
exogenous to the programming model. In this study, the inputs 
falling into the exogenous category include those for fuel, 
repairs, depreciation and interest as applicable to buildings, 
trucks, tractors, other farm machinery and to the farm share 
of autos. Inputs for labor, fertilizer and miscellaneous items 
are also in the exogenous category. The miscellaneous items 
include expenditures for small hemd tools, miscellaneous 
hardware, containers, binding materials, pesticides, veterinary 
medical supplies, insurance for fire and wind, insurance for 
crop and hail, federal crop insurance, electricity, grazing 
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permits, irrigation fees, telephone, marketing charges, dairy 
supplies, and hired milk hauling. 
Eyvindson (29) devoted extensive effort to development of 
cross-section estimates of exogenous costs required per 
activity unit for the year 1965. The effort in the present 
study was to develop a set of time series cost equations which 
could incorporate Eyvindson's estimates for the purpose of 
making cost projections. 
The principle sources of expenditure data for farmers by 
states for each year between 1949 and 1969 were those used by 
the U.S.D.A. to estimate state farm income (224, 225). The 
basic data on state expenditures was supplemented by more 
detailed estimates of farmer's expenditures published by the 
U.S. Farmer Cooperative Service (244, 245, 246, 247). Esti­
mates for items such as short-term interest payments were 
based on data published in Agricultural Finance Review (179, 
180, 181, 182, 183, 184, 185, 186, 187, 188). In cases where 
individual state estimates of specific expenditures were not 
available, national expenditure estimates from Agricultural 
Statistics (197, 204, 210) were distributed among states ac­
cording to methods published in (212, 213). Additional 
information on farmer's expenditures was obtained from (132, 
133, 134) and from (147, 148, 149). 
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Table 14. Inputs considered exogenous^ and their method of 
allocation between production categories 
Method Inputs 
Value-weighted Depreciation, interest, repairs, and 
insurance and license fees 
Tractors 
Trucks 
Other farm machinery 
Service buildings 
Pesticides 
Veterinary expense 
Crop-hail insurance 
Federal crop insurance 
Electricity 
Irrigation 
Telephone 
Seed purchases 
Value of 
production 
Direct 
allocation 
Miscellaneous hardware 
Small hand tools 
Accidental damage. 
Marketing charges 
Ginning expense to cotton production 
Dairy supplies, hired milk hauling to dairy 
production 
Greenhouse and nursery, syrup tolls to 
nursery, greenhouse, and all other crops 
Containers to vegetables 
^These inputs are exogenous in the sense that their 
values were considered predetermined. 
^Marketing charges were distributed between meat animals 
and dairy production according to estimated quantity of meat 
sold for slaughter. 
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Method of cost allocation 
Fertilizer cuid lime costs were calculated from the produc­
tion functions described in the second section of this chapter. 
The total expenditure by farmers for all other input categories 
was allocated among the commodity output categories^ by a 
method of value-weighted factors, by the value of production, 
or by direct allocation. The bulk of the inputs were distri­
buted by a system of value-weighted factors which was derived 
as follows: By definition, within any given state in year t, 
any distribution of the ith input among the total set (j) of 
2 production categories must satisfy Equation 63 ; 
TC(i,t) = Sum[TC(i,t,j), j=l,12] (63) 
where TC(i,j,t) represents the amount of the ith input 
used by the jth production activity in year t and 
TC(i,t) represents the total amount of the ith 
input used in year t. 
Let TV(t) represent the total value of production in a state 
in year t, and let TV(j,t) be the value of the jth product 
class in year t. It then follows that: 
^Within each state the following 12 mutually exclusive 
production categories were defined: (1) meat einimals, (2) 
dairy production, (3) poultry, (4) other livestock, (5) wheat, 
(6) feed grains, (7) cotton, (8) tobacco, (9) soybeans, 
(10) vegetables, (11) harvested roughages, (12) fruits, nuts, 
green house, nursery, and all other crops. 
2 State subscripts will be omitted as long as all calcula­
tions are made within a state. 
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TC(i,t)/TV(t) = [TC(i,t,l)*TV(l,t)/TV(l,t)*TV(t)]+...+ 
[TC(i,t,12)*TV(12,t)/TV(12,t)*TV(t)] (64) 
By defining: 
CD(i,i,t) = TC(i,t,j)/TV(i,t) 
WT(j,t) = TV(j,t)/TV(t) 
Equation 64 may be rewritten as; 
Sum[CD(i,j,t)*WT(j,t), i=l,12]. 
The total expenditure for the ith input per dollar of 
total output thus is a value-weighted average of the expendi­
ture of the ith input per dollar value of output for each of 
the production categories. Equation 64 still cannot be solved 
because there are 12 unknowns. However, if the ratios: 
R(i,j,t) = CD(i,j,t)/CD(i,k,t) (65) 
]  —  1 * 2 ; , J  —  1 2 /  k  e  J  
are known for each of the j,k production classes, then Equation 
65 may be solved to determine the amount of the ith input 
allocated to the jth production class. That is, by selecting 
any variable k, where k = {j|TV(j,t) > 0, TC(i,j,t) > 0} as a 
numeraire variable and substituting the J Equations 65 into 
Equation 64, one can factor out TC(i,k,t)/TV(k,t) to obtain: 
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TC(i,j,t) / TV(t) = [TC(i,k,t) / 
TV(k,t)]*Sum[WT(j,t)*R(j,t), j=l,12]. (66) 
Equation 66 was solved for TC(i,k,t), the amount of the ith 
input allocated to the jth product class in year t: 
TC(i,k,t) = [TV(k,t)/TV(t)]*TC(i,t) / 
{Sum[WT(j,t)*R(j,t) , j=l,12]}. (67) 
The allocations of the ith input to the remaining J-1 catego­
ries, TC(i,j,t), j ^ k, are functions of TC(i,k,t), that is: 
TC(i,j,t) = R(j,t) * TC(i,k,t), j ^  k, j=l,12. (68) 
Knowledge of the ratios of inputs per unit of output 
between any two production classes is sufficient to render 
Equation 66 solvable. 
Estimation of cost ratios 
Each of the factors, CD(i,j,t), in Equation 65 were cal­
culated by multiplying a time series index of inputs per unit 
of output by a base year input-output coefficient. That is; 
CD(i,j,t) = IDX(j,t) * C$(i,j) (69) 
where IDX(j,t) is a time series index of inputs per unit 
of output, 
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C$(i,j) is a base year estimate of the quantity of 
input i used to produce output j. 
Appendix C contains the methods used to derive both the 
time series index of inputs per unit of output and the base 
year input-output coefficients used in Equation 69. Details 
on further estimation and refinements required for the distri­
bution of the cost series are also given in Appendix C. 
The ainual total quantity of exogenous inputs used by 
each production category in each state was derived in Equation 
67 and 68. The exogenous inputs were measured in constant 
dollars (1963-1965). The Laspeyres index of the m total 
exogenous inputs for each commodity class in each state is 
shown in Equation 70: 
lox(t) = R(t)U(t)/R(o)U(o) = 
c'A(t)U(t)/c'A(o)U(o) (70) 
where U(t) is a n x 1 vector of activity units in year t 
with the n components of U(t) representing the 
subcategories of each production class (e.g. com, 
oats, barley, and grain sorghum in the feed grain 
category), 
R(t) is the 1 X n vector of input quantities 
(measured in 1963-65 dollars) allocated to each 
activity unit in year t. 
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c is an m X 1 vector of base year prices of 
exogenous inputs, 
A(t) is the m X n matrix of technical production 
coefficients applicable in year t, 
R(t) = c'A(t) . 
A problem (with the index in Equation 70) does arise 
from the heterogeneous composition of the meat animal, feed 
grain and roughage categories. For example, each of the 
crops in the feed grain category, com grain, oats, barley, 
and grain sorghum, may have different relative exogenous 
input requirements. 
The purpose of the index constructed here is to measure 
changes in production techniques. Thus, the index should 
remain invariant between any two periods if only the compo­
nents of the output vector change, U(t), but the production 
techniques, A(t), do not change. The problem was avoided 
with the Paasche index which used current period weights. 
The distributions made in Equation 68 were adjusted to 
conform to the requirements of the Paasche indices. The 
process of conversion required knowledge of the input require­
ments per unit of output for each of the subcategories such 
as com, oats, barley and grain sorghum. The input-output 
coefficients were obtained from a study by Eyvindson (29) and 
(Equation 71) under constant technology. 
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c'A(o)U(t) / c'A(o)U(o) (71) 
The multiplication of the Laspeyres index in Equation 70 by 
the reciprocal of Equation 71 gave the Paasche index of total 
exogenous inputs shown in Equation 72. 
c'A(t)U(t) / c*A(o)D(t) (72) 
Cost regressions 
A regression technique was used to estimate coefficients 
relating the derived cost data^ to observed data on farm size, 
factor cost/product price ratios, factor/factor cost ratios 
and changes in the numbers of activity units used in produc­
tion. The derived cost data represented the annual flow of 
services consumed per activity unit. The components of the 
cost data are listed in Table 14. Preliminary results 
indicated that multicollinearity and autocorrelation would 
preclude the estimation of a reliable set of coefficients on 
a state by state basis. The individual state observations 
were pooled and the equations were estimated at the level of 
the ten USDA farm production regions. 
Because the variability of the average cost might be 
expected to increase with the mean, a logarithmic transforma­
tion was used on all variables except time. To facilitate 
^In the following discussion, the terms average capital or 
average cost do not include charges for laibor and fertilizer. 
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useage in cost estimation for the programming model, the 
estimation model was specified as an index of exogenous inputs 
per activity. The index of exogenous inputs in year t is 
given by Equation 72 for each of the seven commodity groups^ 
2 for each state within the ten USDA farm production regions . 
ac(t) = aO + alfs + a2pc/o(t-l) + a3pc/l(t-l) + a4T + 
a5ru(t) + sd(i)Td(i,t) + e(t) (72) 
where ac(t) for each state within a USDA production region 
is the index of average relative non-labor, non-
fertilizer exogenous inputs required per activity 
unit in year t 
T is a time variable. T was not specified in 
logarithms. 
fs(t-l) is an index of farm size for year t-1 in 
the appropriate state. Within each state the index 
measures marketings, chcinges in inventories, and 
home consumption per farm. The data sources were 
(224, 225). 
^The commodity groups were meat animals, dairy, wheat, 
feed grains, cotton, soybeans and roughage. 
2 State and commodity subscripts are omitted. However, 
the regression is understood to be conducted separately by 
commodities over individual states within each consuming 
105 
pc/o(t-l) is the index of prices paid for the cost 
components^ relative to the index of prices 
received by farmers for the commodity under 
consideration. 
pc/l(t-l) is an index of prices paid for individual 
cost component items relative to the price paid 
for labor (237, 233). 
ru(t) is the change in the index of the number of 
activity units used (activity units refer to acres 
of grain and roughage consuming animal units). 
Td(i,t) is a dummy time variable to measure trend 
differences between the first state in the region 
and the ith state (i=2,n) where n is the number of 
states in the producing region. 
The variable ru(t) was included to measure changes in 
the average capital costs as the number of production units 
varied. It was assumed that the number of activity units 
produced in year t was dependent on weather, last year's 
cost, previous capacity, and government allotments and that 
^The index of prices paid was ma^de specific for each 
ccHomodity class within each state. National indices of prices 
paid by farmers for production items (farm supplies, motor 
supplies, farm machinery, building supplies, and seed) were 
aggregated into a single index for each commodity class within 
each state. Aggregation weights were based on the relative 
importance of the individual cost items (See Table 14) 
associated with each national index of prices paid. The base 
period was 1963=1965. 
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the number of units would be a determinant in the current 
year's index of inputs per activity unit. The inclusion of 
the term ru(t) is a compromise between the requirements of 
the activity analysis model (average costs per acre are con­
stant) and the results of studies such as the one by Ray (98). 
The variable ru(t) was specified in first differences of 
logarithms to reduce the correlation with the other independent 
variables in the equation. 
All variables in Equation 72 except ru(t) are lagged one 
period. The specification allows the use of ordinary least 
squares estimation techniques and reflects the time lag factor 
in making agricultural production decisions. 
Because of the rigidities involved in changing farm 
sizes, the assumption of a lagged response based on the 
adjustment of total costs was used: 
tc(t) - tc(t-l) = q[tc*(t) - tc(t-l)] (73) 
where tc*(t) is an index of desired total exogenous inputs 
for each commodity group, 
tc(t) is an index of actual inputs for each commodity 
group in year t. 
In the fashion of Nerlove (92), the equation of the desired 
total quantity is substituted into Equation 73 to derive the 
estimation equation. However, the estimation model (Equation 
73) was specified as an index of exogenous inputs per activity 
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unit: 
ac(t) = gao + galfs(t-l) + ga2pc/o(t-l) + ga3pc/l + ga4T + 
ga5ru(t) + (l-q)ac'(t-l) (74) 
where ac'(t-l) = ac(t-l) + ru(t-l) - ru(t). 
The elasticity of capital cost with respect to farm size 
(al) was expected to be positive. In regions characterized 
by smaller farms, however, the value of al was often negative. 
The specification of Equation 74 was modified to allow for a 
U-shaped cost curve with respect to farm size. Three alter­
nate specifications of the farm size variable whic i allow for 
a U-shaped cost curve are: 
fss**(alO + allfss) 
fss**(alO + all sqrt(fss)) 
fss**(alO + allfs) 
where fss = exp(fs) 
all ^  0. 
Since the sign of all is constrained to be non-negative, the 
average capital costs must eventually increase with farm 
size. The estimable form of the third variation, alOfs(t-l) 
+ all(fs(t-l))^, was preferred since the added term (fs(t-l))^ 
was less highly correlated with the other independent 
variables in the equation, fhe square root form was alsû 
used. 
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Labor requirements There is considerable data avail­
able on the use of hired labor in agriculture but only limited 
estimates of total labor required for agriculture production. 
The relative labor requirements for each commodity type were 
related to changes in farm size and lagged relative capital 
requirements as specified in Equation 75: 
la(t) = bo + blfs(t-l) + b2 pl/o(t-l) + ca'(t-l) 
+ bs (i)td + e(t) (75) 
The term la(t) is an index of labor (expressed in logarithms) 
required per activity unit. The data on labor requirements 
by commodity groups by USDA producing regions was obtained 
from (56, 57). All independent variables in Equation 75 were 
as defined for Equation 72 except pl/o(t-l) which is an index 
of the price paid for labor relative to the price received 
for the output of the commodity under regression. The data 
source was (210). 
Regression strategy The use of a backwards elimination 
regression procedure facilitated the search for an acceptable 
prediction equation. But, the procedure has the disadvantage 
that once a variable is eliminated from an equation, it does 
not reenter the equation at a later step. The dependence of 
the final regression equation upon the order in which the 
A ^  A «.«SO MCf 
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several subsets of the variables in Equation 74 to be included 
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In the regression equation. 
The subsets of variables selected were: 
fs, vfs, ca'(t-l), T, pc/o(t-l), pc/l(t-l), ru(t-l) 
fs, vfs, ca'(t-ll', pc/o(t-l), pc/l(t-l) 
fSf ca'(t-l), pc/o(t-l), pc/l(t-l), ru(t-l) 
fs, vfs, T, pc/o(t-l), pc/l(t-l) 
where vfs = one of the three variable elasticity farm size 
specifications. 
A three-step procedure was used for each regression 
equation. The steps were: 
1. A "backwards" elimination procedure to obtain a 
regression equation with significant coefficients of correct 
sign. 
2. Estimation, testing, and transformation for a first-
order autocorrelation error structure, 
3. Repetition of the backwards elimination procedure 
on the transformed data from Step 2. 
In step 1, for each commodity group, for each USDA pro­
duction region, the regression equation containing one of the 
previously specified variable subsets plus the state dummy 
time trends were computed. After each regression, the state 
dummy time trend with the smallest t value was found. If 
that t value was less than 1.3, the corresponding variable 
— 1 MM ^ 3 «9 aiM • m am «m f AM j Am ^3 TWA» 1 
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remaining dummy time trends were significant, the remaining 
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regression coefficients were tested for sign and significance. 
Each time a variable was encountered which did not meet the 
prespecified sign and significance conditions, the variable 
was deleted. The equation then was refitted with the remain­
ing variables and the testing was repeated. The regression 
procedure terminated when all the remaining coefficients were 
significant and correct in sign. 
In Step 2, the equation with the remaining independent 
variables was tested for the presence of first-order auto­
correlation. The presence of the lagged independent variable 
rendered the Durbin Watson statistic ineffective for detecting 
the presence of autocorrelated errors. The autoregressive 
least squares routine designed by Fuller and Martin (38) was 
not easily adapted to handle autocorrelated error in pooled 
time-series data. Upon completion of Step 1, a separate 
first-order autocorrelation coefficient was estimated and 
tested for each state in the production region. 
u(t) = ca(t) - Sum[a(i)*x(i,t), t=2,21] 
r = Sum [u(t)u(t-l)/u(t)**2, t=2,21] 
where x(i,t) denotes the subset of independent variables 
retained from Step 1, applicable in year t, 
a(i) is the least squares regression estimate of the 
ith coefficient. 
Ill 
n is the total number of coefficients retained in 
Step 1, 
u(t) is the regression error in year t, 
r* is the estimated autocorrelation coefficient. 
If a t test indicated the presence of autocorrelation, 
the data pertaining to that particular state was transformed 
for reestimation as shown in Equation 76 ; 
w(l) = ca(l)*sqrt(l-r*r) 
w(t) = ca(t) - r*ca(t-l), t=2,20 
z(i,l) = x(i,l)*sqrt(l-r*r) 
z(t,l) = x(i,t) - r*x(i,t-l) 
w(t) = Sum[a(i) *z (i,t), i=l,n] + u(t) (76) 
a(i) is the ordinary least squares regression estimate 
of the ith coefficient. 
The test for first-order autocorrelation was repeated for all 
individual states. 
In Step 3, the backwards elimination procedure was re­
peated until all remaining coefficients were significant and 
of the correct sign. If no state in a USDA producing region 
had a significant autocorrelation coefficient. Step 3 was 
bypassed. Following termination of Step 3, the Durbin Watson 
d statistic was calculated for the entire region. 
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Cost projections 
Equations were selected (in order of preference) on the 
basis of the signs of the estimated coefficients, the pre­
dictive ability of the equations, the Durbin Watson d statistic, 
and in some cases, on the basis of conformity of projections 
in surrounding consuming regions. The measure of the predic­
tive ability of the equation was the Theil U statistic cal­
culated over the 1949-1969 observation period. The power of 
the Durbin Watson d is diminished in the presence of lagged 
variables, but the Durbin Watson d was in general a useful 
measure of autocorrelation. Between states within a consuming 
region, there was more variability between estimates of 
relative capital inputs for specific commodity groups than 
seemed justifiable given the uniformity of the 1964 estimates 
by Eyvindson. Therefore the projections for each commodity 
group by individual states were aggregated to the consuming 
region level. The resulting projections are presented in 
Table 15. 
With respect to consuming regions, the greatest propor­
tional changes in exogenous inputs for individual commodities 
are in the Appalachia, Southeast, and Delta regions. These 
results would seem reasonable in areas characterized by many 
small farms which have high labor-capital ratios and which 
are undergoing rapid proportional increases in capital. 
While no statistical tests were conducted, the resulting 
Table 15. Estimated requirements for non-fertilizer capital and labor per activity unit in 1980 
relative to 1964 by the 10 farm production regions for commodities included in the 
programming model 
Reg. Heat animal Dairy Wheat Feed grain Cotton Soybeans Roughage 
Cap. Labor Cap. Labor Cap. Labor Cap. Labor Cap. Labor Cap. Labor Cap. Labor 
NE 1.26 .69 1.39 .71 1.53 .74 1.40 .74 - . - 1.28 .67 1.48 .92 
AP 1.99 .59 1.57 .83 1.74 .79 1.51 .68 1.52 .54 1.52 .53 1.54 .87 
SE 1.64 .70 1.66 .79 1.88 .91 1.45 .81 1.76 .49 1.47 .44 2.00 .92 
DL 1.40 .78 1.69 .92 1.23 .81 1.41 .68 1.79 .38 1.38 .79 1.37 .93 
CB 1.42 .65 1.29 .66 1.33 .86 1.28 .81 1.48 .48 1.30 .94 1.24 .98 
LK 2.06 .64 1.26 .64 1.29 .84 1.24 .84 — - 1.16 .72 1,26 .93 
NP 1.22 .58 1.21 .72 1.61 .88 1.24 .91 — - 1.28 .63 1.26 .96 SP 1.65 .72 2.01 .81 1.44 .75 1.39 .91 1.58 .65 1.16 .29 1.67 .91 
HT 1.15 .68 1.67 .77 1.28 .89 1.24 .95 1.20 .39 — - 1.57 .96 
PC 1.49 .96 1.15 .51 1.26 .84 1.16 .95 1.17 .47 - - 1.27 .97 
114 
projections have more variability between consuming regions 
than within commodity groups. Since the projections are in 
terms of ratios, the resulting trade-off between labor and 
capital cannot be fully assessed until the ratios are applied 
to the 1964 levels of capital, labor, fertilizer, and other 
inputs endogenous to the programming model. Projected changes 
in productivity must also be considered. 
Transportation 
The transportation activities used in this model were 
taken from the study Hall (47). Transportation is provided 
for final and intermediate products between the central city 
of each consuming region (Table 16). The following commodities 
could be transported between consuming regions: 
cattle 
hogs 
manufactured milk 
oils 
wheat 
corn for food 
oats for food 
barley 
feeder calves 
yearling cattle 
feed grains 
oilmeals. 
Transportation was not defined for fluid milk, calves for 
final consumption, and roughages. Transportation activities 
could not be defined for commodities where demand was specified 
only at the national level. These products were cotton lint, 
eggs, chickens and turkeys, and sheep and lambs. 
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Table 16. Central cities for estimating transportation cost 
Consuming region Central city 
1 Boston, Mass. 
2 Richmond, Va. 
3 Atlanta, Ga. 
4 Jackson, Miss. 
5 Burlington, la. 
6 Minneapolis, Minn. 
7 Grand Island, Nebr. 
8 Waco, Tax. 
9 Salt Lake City, Utah 
10 San Francisco, Calif. 
Transportation charges between the central cities were 
estimated by Eyvindson (29) and were recalculated for the 
present model by Hall (47). No charges were made for the 
shipment of feed grains from the producing area to the central 
city. Such transportation charges were included in the study 
by Eyvindson. The number of potential transportation 
activities for each commodity increases approximately with the 
square of the number of origin and destination points con­
sidered. That is, if there are n origins and n destinations, 
then there are n(n-l) potential transportation activities. 
Historical transportation and production patterns were used as 
guidelines in reducing the number of transportation activities 
to 220. 
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CHAPTER IV. RESULTS AND DISCUSSION 
Results from the first solution of the 1980 free market 
competitive equilibrium model will be presented here. The 
current solution is compared with the Hall et al. (49) solution, 
with results from the Heady and Mayer (54) study ( a linear 
programming feed grain model for 1980), with selected items 
from the Eyvindson (29) study and with actual results from 
selected years. It is of course realized that the results of 
normative models are not designed to duplicate existing 
situations but rather to indicate how given resources can be 
better organized to achieve stated objectives. However, the 
existing situations do represent observed points in the 
feasible space at particular times. The further any model 
solution departs from the existing situation, the greater is 
the probability that previously unrecognized, and hence 
unstated, constraints will be violated. The instances where 
such violations have occurred in the present solution will be 
pointed out along with other data discrepancies, and their 
effect on the solution will be assessed. 
National Results 
The estimated equilibrium prices received by farmers 
and the domestic quantities demanded consistent with a 
projected competitive eauilibrium situation for the United 
States agricultural sector in 1980 are presented in Tables 17 
Table 17. Estimated equilibrium prices received by farmers and quantities demanded for domestic use 
by consumers from two competitive equilibrium solutions and comparisons with actual farm 
prices and domestic consumption 
1980 solution Hall solution 1963-1965 1968-1970 
Comm. Unit Price Quan­ Per Price Quan­ Per Price Quan­ Per Price Quan­ Per 
tity capita 
consump. 
tity capita 
consump. 
tity capita 
consump. 
tity capita 
consump. 
(Mil.) (Mil.) (Mil.) (Mil.) 
CA^ Lbs. .27 42844 188.7 .18 32568 168.9 .19 33872 178.9 .31 37651 188.9 
CF Lbs. .20 2247 10.0 .24 14210 7.4 .22 - — .26 — -
I£ Lbs. .17 20159 88.0 .13 21424 111.1 .17 19744 104.3 .21 21147 106.1 
FM Lbs. .03 48940 213.0 .03 59967 311.0 .05 59222 313.0 .06 55462 278.0 
MM Lbs. .03 82201 359.0 .02 57640 299.0 .04 62991 333.0 .05 59150 296.0 
OL*^ Lbs. .01 12638 55.2 .08 7100 33.4 .11 5714 30.2 .11 7136 35.8 
WH Bu. 1.20 492 2.1 .86 516 2.7 1.52 509 2.7 1.27 520 2.6 
CN Bu. .93 476 2.1 .64 339 1.8 1.15 338 1.8 1.19 378 1.9 
01 Bu. .60 60 .3 .49 46 .2 .62 45 .2 .60 45 .2 
BY Bu. .77 133 .6 .62 104 .5 .95 102 .5 .91 120 .6 
CT Lbs. .05 15692 69.0 N.A.* N.Â. N.A. .15 10597 56.0 .15 13246 66.0 
SL Lbs. .13 3136 13.7 N.A. N.A. N.A. .18 1317 7.0 .23 1083 5.5 
EG Doz. .15 5348 23.7 N.Â. N.A. N.A. .34 5068 26.4 .37 5394 26.5 
^Commodity code: CA, cattle; CF, calves; HG, hogs; FM, fluid milk; MM, manufactured milk; 
OL, oil; WH, wheat; CN, corn; OT, oats; BY, barley; CT, cotton; SL, sheep and lambs; EG, eggs. 
^Actual data for cattle Includes calves. 
^Soybean oil plus cottonseed oil. 
cl 
Not available. 
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and 18. The calculated values of production for selected 
commodities and comparisons with Hall's solution (49) and 
actual values for 1963-65 and for 1968-70 are summarized in 
Table 19. 
Table 18. Equilibrium national farm level prices, total 
demand, domestic consumption, per capita consump­
tion, and net exports for final commodities for 
1980 
Comm.^ Farm Total , Domes. . Consump. Net 
price demand consump. per internat. 
capita exports 
CA $26.62 404.66 428.44 1.87 -23.78 
CF 20.18 2.25 2.25 0.01 -
HG 16.73 198.99 201.59 0.88 —2.60 
FM 2.69 489.41 489.41 2.14 -
MM 2.24 845.65 822.01 3.59 23.64 
OL 0.80 161.85 126.38 0.55 35.47 
WH 1.21 779.04 491.55 2.15 287.48 
CN 0.93 476.31 476.31 2.08 -
OT 0.60 60.22 60.22 0.26 -
BY 0.77 132.58 132.58 0.58 -
SL 12.95 31.36 31.36 0.14 -
CT 5.34 156.92 156.92 0.69 -
EG 14.88 53.48 53.48 0.23 
commodity code: CA, cattle; CF, calves; HG, hogs; FM, 
fluid milk; MM, manufactured milk; OL, oil; WH, wheat; CN, 
corn; OT, oats; BY, barley; SL, sheep and lambs; PM, poultry 
meat; EG# eggs. 
^Total demand and domestic consumption are in the 
following units: Cattle, calves, hogs, fluid milk, 
manufactured milk, oil, sheep and launbs, and poultry meat, 
million cwt.; wheat, corn, oats, and barley, million bu.; 
eggs, million hundred dozen. 
°Per capita consumption is in cwt., bu., and hundred 
dozen. 
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Table 19. Value of production for selected commodities for 
the current solution, the Hall solution and 
comparison with 1963-65 and 1968-70 actual values 
Commodity 1980 1965 Actual Actual 
solution Hall 1963- 1968-
model* 1965b 1970® 
(mil. 1963-65 dollars) 
Cattle and 
calves 10818 5960 6543 9792 
Hogs 3329 2912 3227 4501 
Dairy 3207 3204 5265 4961 
Soybeans 4559 847 1914 2844 
Wheat 1529 912 1853 2237 
corn 3278 1806 4649 4995 
Oats 481 388 572 583 
Barley 460 124 373 400 
Sheep 406 n.a.G 241 199 
Egg 796 n.a. 184 1967 
Chickens and 
turkeys 837 n.a. 1245 1604 
Cotton 803 n.a. 2278 1535 
^Source (49). 
^Source (210). 
^Not available. 
The estimated 1980 competitive equilibrium prices 
received and quantities of final goods demanded for each 
consuming region are presented in Appendix D, Tables 71 to 77. 
There are discrepancies in the estimates of per capita 
consumption between consuming regions because of an error in 
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adjustment in per capita income^. The estimated 1980 free 
market prices are, with the exception of the manufactured milk 
price, higher than the prices obtained by the Hall study (49) 
for 1965. In general, the directions of per capita consump­
tions follow the expected trends presented in Table 4 (chapter 
3) . 
Meat and poultry consumption 
The per capita consumption of cattle and calves (198 
pounds liveweight) represents a 10-pound increase over the 
1968-70 average. Estimated per capita consumption of cattle 
and calves is 34% greater in the current study than the 
equilibrium level obtained in the Hall study for 1965. Total 
liveweight production which averaged 37.67 million cwt, in 
1968-70 is projected to increase to 42.75 million cwt. by 
1980. The increase in the equilibrium price occurred as the 
aggregate demand curve for cattle shifted farther to the right 
than the aggregate supply curve. The estimated 88 pounds 
liveweight per capita consung)tion of pork is less than the 
1968-70 average actual consumption and less than the 111 
pounds equilibrium per capita consumption quantity estimated 
by Hall. When compared to the Hall study, the decline in per 
^Due to a programming error, the demand was increased 
in regions with less than average per capita income and 
^ ^  ViHrrK «ot» «Ao4+'.a innome. 
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capita consumption of pork (liveweight) occurred as the demand-
increasing effects of higher prices for cattle and other 
substitute products and of increased per capita income were 
offset by the rising hog price and by the negative preference 
trend (shown in Table 4}. 
The estimated 1980 quantities demanded for poultry 
products and for sheep and lambs are overstated because 
charges for exogenous inputs were inadvertantly omitted. The 
equilibrium prices for these items cover only the imputed feed 
costs. The estimated 1980 equilibrium quantity demanded (per 
capita) of chicken and turkeys was 69 pounds. The average 
price was $.05 per pound. The estimated equilibrium price was 
lower than expected (1963-65 average price received by farmers 
was $.15 per pound). Since demand equations for poultry 
products and for sheep are defined at the national level, 
these equilibrium prices do not include costs of transporta­
tion from the producing area to the consuming area. The per 
capita consumption of eggs (23.4 dozen) compares with the 
1968-70 average per capita consumption of 26.6 dozen. The 
demand for sheep and lambs seems to be disproportionately high 
(13.6 pounds per capita) when compared to actual consumption 
figures for 1968-70 (6.7 pounds per capita). 
The omission of the exogenous costs increases the 
consumption of poultry products and mutton relative to beef 
and pork since the equilibrium prices for mutton and poultry 
are lowered relative to the prices for beef and pork. The 
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income elasticity of demand used by Brandow for sheep and 
lambs, 0.55, would also appear to be overstated since actual 
per capita consumption of sheep and lambs was declining 
slightly during the period of rapidly increasing per capita 
incomes between 1965-70. 
Total per capita consumption of meat and poultry products 
on a retail weight basis is presented in Table 20. The 
increase in per capita consumption of total meat must be 
attributed to shifts in preference and increases in per capita 
income because the historical trend in prices received for all 
meat products is also upward. The estimated per capita demands 
in 1980 for total meat and poultry are approximately 5% greater 
than the 1968-70 actual levels of consumption. 
Table 20. Estimated per capita consumption of meat and 
poultry in retail weight equivalents in 1980 and 
1964 with selected year comparisons 
Product Est. quan.^ Actual b quan. 
1980 1965 1963-65 1968-70 
Beef and veal 92.3 82.1 76.6 82.4 
pork 54.8 69.2^ 58.6 61.2 
poultry 49.3 n.a. 39.3 47.8 
Mutton and lamb 5.7 n.a. 4.2 3.1 
Total meat and 
poultry 202.1 - 178.7 194.5 
^Solution values converted to retail weight equivalent by 
factors in (241). 
^Source (241). 
^Not availablee 
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Consumption of vegetable oil 
The national equilibrium price of vegetable oil, $.80 per 
cwt., was lower than expected. Historical prices for oil 
(wholesale) have fluctuated between $8.00 and $15.00 per cwt. 
and average approximately $11.00 per cwt. over the 1949 to 1968 
observation period. One reason for the low oil price is that 
the supply of oils exogenous to the model was miscalculated 
so that the total supply of oil was overestimated by 16%. If 
all prices were held at their estimated 1980 equilibrium 
values, a 16% reduction in the 1980 oil supply would cause the 
oil price to increase to $3.90. Further reduction of the 
vegetable oil supply to the 1970 level of 11.6 million pounds 
would cause the oil price to rise to $15.60 per cwt. Also, a 
reason for the price instability observed in the vegetable oil 
market and for the low oil price in the current solution is 
the joint product nature of oilseed production. In general, 
oilmeals constitute the greater portion of the oilseed value. 
In the current solution the oil market is nearly saturated as 
the demand for oilmeals is satisfied. 
The increased quantity of vegetable oil demanded for 1980 
(equilibrium domestic use estimated at 55 pounds per capita, 
and total net export requirements of 3546 million pounds) 
results from the preference trends in per capita consumption 
and from trends in the oil equivalent of soybean exports. The 
per capita consumption of vegetable oils increased because of 
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their continued substitution for butter and lard as sources of 
fat and because the total per capita fat intake has been 
increasing by 0.5 pounds per year (241). 
consumption of dairy products 
The equilibrium prices for fluid and manufactured milk 
are lower than historical prices for the 1963-65 period. The 
lower prices for dairy products at the farm level would be 
expected in the absence of milk orders and other supply control 
measures^. The estimated equilibrium quantity of 214 pounds 
per capita compares with the 1963-65 average per capita 
consumption of 294 pounds. However, the average farm level 
price of fluid milk in 1963-65 was $4.18 per cwt. while the 
equilibrium fluid milk price in the current solution was 
$2.69 per cwt. The downward trend in per capita consumption 
of fluid milk more than offsets the effect of the decline in 
price, so that final per capita consumption was lower. The 
per capita consumption of manufactured milk is projected to 
increase from the 339 pounds average in 1963-65 to 359 pounds 
in 1980. The equilibrium quantity demanded for all milk 
(572 lbs. per capita) in 1980 is nearly equal to the 1968-70 
average per capita consumption of 570 lbs. However, the 
average farm level price for all milk between 1968-70 was 
^97.3% or the milk exigible for fluid grade sold to 
plants and dealers between 1968-1970 was under federal or 
state marketing orders (81). 
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$5.48 per cwt. while the estimated 1980 price for all milk 
is $2.40 per cwt. The equilibrium price for manufactured milk 
was $2.24 per cwt. Projected net exports of manufactured milk 
were 23.64 million cwt. Between 1968 and 1970, when the 
average price received for milk was $5.54 per cwt., dairy 
imports averaged 17.58 million cwt. The total value of milk 
production of $3207 million in the current solution is very 
close to the $3204 million in the Hall study. The loss in 
value from fluid milk at competitive equilibrium prices is 
compensated for by the increase in demand for manufactured 
milk and by exports. However, the total value of milk 
production in the current study is much less than the $4961 
million^ value of production for the 1968-70 period. 
Consumption of food grains 
The consumption of wheat, corn, oats, and barley for 
food and industrial use is summarized in Table 17. When 
compared with the Hall solution, the changes in per capita 
consumption are in the direction indicated by trends despite 
the fact that the equilibrium prices paid for food grains in 
the current solution are higher than in the Hall study. 
The food demand equations for domestic food use and for 
industrial use are highly inelastic with respect to changes 
in price. Changes in per capita demands for food use in the 
^Valued in 1963-65 dollars. 
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current study result mainly from changes in tastes since the 
income elasticities with respect to food use were assumed by 
Brandow (7) to be zero. The residual per capita trends for 
wheat and barley for food use were negative and the trends for 
corn and oats were slightly positive. 
The estimated total value of wheat production ($1528.9 
million) in 1980 compares with the $1853.3 million farm value 
of wheat production in 1963-65. In the latter period, an 
average of 591.3 million bushels of wheat were exported under 
government programs. However, producers in 1963-65 also 
received an additional payment of $0.44 per bushel in the form 
of wheat certificates (207). Estimated commercial exports of 
287.5 million bushels compare with commercial exports of 
298.6 and 385.8 million bushels for the 1963-65 and 1968-70 
periods, respectively. Much of the decline in the market 
value of wheat in the current solution due to the elimination 
of subsidized exports as compared to the 1968-70 average was 
replaced by the expanded use of wheat for feed. 
Exports 
The estimated levels of net exports by consuming region 
and comparisons with actual levels of commercial net exports 
are summarized in Table 21. Net exports of oils and oilmeals 
were based on linear projections and are requirements. Net 
wj. uauvxcs, iiuga, mwAÛtawtuteû injuxjv, wneat, auu xeeu 
grain were determined endogenously. That is, the quantity 
Table 21. Estimated net commercial exports for 1980 by consuming region with 
national level comparisons for 1963-65 and 1968-70 
Reg. Beef pork Mfg. Oil Wheat Feed Oilmeal 
milk grain 
(mil. lb.) (mil. lb.) (mil. lb.) (mil. lb.) (mil. bu.)(mil. bu.)(mil. tons) 
NE -612.2 -216.7 317.9 29.0 49.6 1.2 
AP 318.5 12.4 50.4 1.2 
SE 431.8 2.0 8.5 1.6 
DL 51.0 8.6 774.3 3576.9 110.1 312.8 13.4 
CB 1093.2 11.5 89.4 4.1 
LK -81.1 -54.7 859.9 344.7 15.7 72.7 1.3 
NP - - - -
SP - — 90.8 0.0 
MT - - - -
PC -1736.0 2.3 729.7 - 106.8 36.6 -
US -2378.3 -260.5 2363.9 6090.4 287.5 710.9 22.7 
1963-()5 
actual -1986.8 117.3 1547.3 3213.7 298.6 8 01.0 7.3 
1968-70 
actucil -2649.1 -289.8 -834.0 4229.0 385.8 700.6 12.9 
^Source of actual values: Beef (178); pork (178); mfg. milk (60); oil (1963-65 
(461},. 1968-70 (329); wheat (210); feed grain 1963-65 (230), 1968-70 (240); oilmeal 
1963-()5 (461), 1968-70 (229). 
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demanded of each of the endogenously determined net exports 
was assumed to vary linearly with the farm level price in 
each consuming region for which an equation was defined. The 
equilibrium level of these commercial net exports were 
reasonably close to observed levels of net exports for 1963-65 
and for 1968-70. 
Consumption of intermediate products 
The demand for total digestible nutrients, digestible 
protein, and pasture at the national level is summarized in 
Table 22. Compared to the Hall solution, total demand for 
protein, total digestible nutrients, harvested roughage, and 
pasture have increased by 79%, 48%, 17% and 36% respectively. 
The large increase in the demand for protein results from 
increased oilmeal exports and from adjustments to include 
livestock not on farms in the exogenous category. Total 
protein demand by beef cows, fed beef, hogs and dairy cattle 
was nearly constant between the current solution and the Hall 
solution. The increase in demand for protein by beef cows and 
fed beef is nearly offset by decreased protein demand by dairy 
cows and hogs. Projected increases in demand for oilmeal 
exports and for equilibrium levels of feed grain exports 
increase the total demand for protein by 36% when compared to 
the protein demand in the Hall solution. Estimates of demand 
£û£ protein by exogenous livestock, based on data in (2), may 
be over estimated or the exogenous feed category in the model 
Table 22. Estimated production and utilization of total digestible nutrients, digestible protein, 
harvested roughages and pasture at the national level 
1980 solution Hall solution 
Utlllzation T.D.N. Protein Roughage Pasture T.D.N. Protein Roughage Pasture 
Tons Tons Tons Aum^ Tons Tons Tons Aum 
(Units are In 10^) 
Beef cows 525 107 4778 34185 353 57 3964 27357 
Dairy 1778 291 5809 5986 2023 332 7173 8690 
Hogs 3885 579 1183 4207 628 1249 
Fed beef 2077 295 3538 11081 1322 193 2319 9238 
Sheep 219 61 1032 11178 
gggs 1303 239 272 
Broilers & 
turkeys 1208 277 31 
Exogenous^ 2468 981 693 2301 465 357 
Feed grain 
exports 1593 171 
Produc tlon 15057 2999 16154 63612 10206 1675 13813 46534 
*&nimal unit months. 
rhe exogenous category In the 1980 solution includes feed for other livestock and ollmeals for 
export. In the Hall solution the exogenous category also Included feed for poultry, sheep, and feed 
grain exports. 
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may not include all the sources of feed actually fed to the 
exogenous livestock. The estimated prices of intermediate 
commodities by consuming regions are given in Table 23. Table 
24 lists the interregional flows of intermediate commodities. 
Table 23. Estimated prices of intermediate products for 1980 
Reg. Feeder 
calves 
Yearling 
cattle b 
T.D.N.G Protein Roughag< 
(head) (head) (ton) (ton) (ton) 
NE $135.10 $199.20 $19.80 $228.70 $29.91 
AP 137.90 190.50 17.43 237.90 29.61 
SE 138.60 188.60 12.27 245.30 33.10 
DL 142.80 187.70 10.99 247.40 23.78 
CB 143.60 189.30 29.63 248.00 18.99 
LK 141.10 185.20 12.60 245.70 19.40 
NP 144.10 183.90 18.25 247.60 15.71 
SP 139.70 183.90 30.55 59.30 23.25 
MT 136.40 181.90 14.21 243.30 26.18 
PC 143.70 191.30 35.31 170.30 24.43 
*400 pounds per head. 
^700 pounds per head. 
'^Total digestible nutrients. 
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Table 24. Interregional shipments of intermediate commodities 
and transfers of wheat for feed 
Reg. Calves Year­ Feed Oil- Wheat 
lings grain meals for feed 
(mil. (mil. (mil. (mil. (mil. 
head) head) ton) ton) ton) 
NE 0.10 -0.46 — 37.02 
AP 0.87 -4.79 — - 1.34 
SE 2.05 - -4.63 - -
DL -0.32 - -15.23 -8.94 -
CB -5.65 - 21.47 3.82 -
LK 2.66 - -3.25 - 112.45 
NP -3.98 4.79 6.64 5.12 -
SP 3.98 - - - 114.54 
MT 0.50 - -4.58 - 110.74 
PC -0.21 110.57 
^Negative quantities represent net imports. 
Demand for exogenous^ inputs 
A summary of the total exogenous inputs for crops (labor, 
fertilizer, and non-fertilizer capital) is presented in Table 
25. A comparison is made between the estimated quantity of 
exogenous inputs required in 1980 and the inputs required in 
The term exogenous inputs refers to those inputs whose 
price is determined before the model was solved. The inputs 
treated as exogenous in this study are listed in Table 14. 
While the quantity and price of exogenous inputs per activity 
unit is predetermined, the total demand for exogenous inputs 
depends on the equilibrium level of production. Hence the 
value of exogenous inputs per activity influences each 
activity's competitive position relative to other production 
activities. 
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1964 to produce the 1980 level of output. Total labor 
requirements for crops at the national level are projected to 
be 78% of the 1964 levels while the total non-fertilizer 
capital inputs are projected to rise by 33%. With the 
exclusion of fertilizer, the average activity cost rises by 5%. 
The greatest proportional decline in labor and the greatest 
proportional increase in capital to produce a fixed level of 
output occurs in the Appalachian Southeast, Delta, and Northeast 
consuming regions. The smallest decline in total labor require­
ments is projected for the Mountain region. 
The fertilizer requirements presented in Table 25 are 
overstated because each crop activity was charged as if the 
entire acreage of that crop was fertilized. This discrepancy 
discriminates against crops and regions where the projected 
proportion of acreage fertilized in 1980 was less than one. 
The discrepancy affected the choice between silages and legume 
hays and between production in the more humid versus the less 
humid regions. The large increase in fertilizer useage 
projected for 1980 in the Northern Plains is an overestimation. 
The exogenous inputs required for livestock activities 
(with the exception of poultry and sheep) at the consuming 
region level are summarized in Table 26. 
The average capital requirements per livestock activity 
unit at the national level increased by 35% between 1964 and 
1980 while the labor requirements declined to 67.7% of the 
Table 25. Quantities of labor, capital, and fertilizer required for 1980 crop 
production relative to the 1964 requirements for the same output 
Reg. 
labor Capital* Fertilizer 
1980 1964 Ratio 1980 1964 Ratio 19 80 1964 Ratio 
(1963-1965 dollars) 
NE 48.9 58.9 .83 250.2 173.5 1.44 38.2 26.4 1.45 
AP 31.1 47.5 .65 272.5 179.4 1.52 49.9 36.6 1.36 
SE 34.5 48.5 .71 375.7 239.8 1.57 43.9 36.4 1.21 
DL 112.1 256.5 .44 639.4 396.7 1.61 71.3 45.1 1.58 
CB 384.1 438.8 .88 2130.6 1661.9 1.28 575.8 358.4 1.61 
LK 163.1 190.6 .86 915.8 737.3 1.24 172.3 100.3 1.72 
NP 228.5 271.1 .84 1408.6 1123.5 1.25 176.1 71.6 2.46 
SP 99.3 120.8 .82 632.8 451.3 1.40 80.9 47.8 1.69 
MT 94.6 99.4 .95 506.4 370.9 1.37 41.1 18.2 2.25 
PC 161.7 217.5 .74 570.4 475.6 1.20 96.1 43.8 2.19 
US 1357.9 1749.6 .78 7702.4 5809.9 1.33 1345.9 785.0 1.71 
'^Capital does not include fertilizer costs. 
Table 26. Relative labor and other capital inputs required 
for livestock by regions in 1980 for the same out­
put in 1964 
Reg. Capital inputs Labor inputs 
1980 1964 Ratio 1980 1964 Ratio 
(mil $) (mil $) (mil $) (mil $) 
NE 182.3 270.0 1.48 71.6 40.0 0.56 
AP 97.2 166.5 1.71 37.5 27.5 0.74 
SE 166.7 269.1 1.61 46.2 33.8 0.73 
DL 176.8 259.7 1.47 50.5 40.4 0.80 
CB 1102.4 1493.5 1.35 370.7 249.0 0.67 
LK 842.0 1031.6 1.23 361.4 235.1 0.65 
NP 882.9 1098.3 1.24 319.3 206.1 0.65 
SP 364.9 634.0 1.74 154.8 111.4 0.72 
MT 293.4 328.6 1.12 91.6 63.9 0.70 
PC 177.2 237.0 1.34 84.7 66.6 0.79 
US 4285.8 5788.4 1.35 1588.3 1073.8 0.68 
1964 level. At the national level, the decline in labor cost 
is less than the increase in the quantity of exogenous inputs, 
so the cost of the average activity unit is increased by 17%. 
The change in the cost per unit of output, however, depends on 
the increase in productivity of each activity or producing unit. 
Land resource use 
Under the free market setting projected for 1980, the 
total demand for cropland is 182 million acres. The estimated 
1980 demand compares with an average of 208 million acres used 
annually between 1963 and 1965 and with the 199 million acres 
used annually between 1968 and 1970. Most of the reduction in 
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cropland is accounted for by the removal of public-aided 
exports from the demand. Given the average yields from the 
current solution, the average quantity of public-aided exports 
of wheat and feed grains between 1963-65 would require an 
additional 23 million acres of cropland. The decline in total 
cropland demanded, due to the removal of public-aided exports 
for wheat, feed grains, oils, and cotton, partially is offset 
by the increase in demand for soybean products. The total 
acreage of soybeans in the current solution of 55.7 million 
acres compares with 31.3 million acres annually between 1968 
and 1970 and with 22.8 million acres in the Hall study. The 
total demand for cropland of 180.2 million acres is very close 
to the 180 million acres required in the Heady and Mayer (54) 
study for model A^. 
The projected demand for total hay acreage of 38 million 
acres contrasts with 76.5 million acres used annually between 
1963-65 and with the 67.9 million acres obtained in the Hall 
study. The average total production of harvested roughage 
(measured in tons of hay equivalent) was 120.6 million tons 
between 1963 and 1965. The increased level of roughage 
production in the current solution (161 million tons) resulted 
even as the acres devoted to hay production declined because 
^Model A was a linear programming model consistent with 
2 free ntsrkct situation and 1SS5 Isvêl export». 
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higher-yielding silages substituted for the traditional hay 
acreage. 
Only 69% of the 261 million acres of available cropland 
was used as cropland and 31% was idle (Figure 8). Only 3% of 
the cropland was diverted to hay production. Available crop­
land plus hayland was projected at 319 million acres (Table 
27). Maximum crop acreage was restricted to 209 million acres. 
Maximum irrigated cropland and irrigated hayland activities 
were restricted to 15.8 million acres and to 23.3 million 
acres respectively. However, the final solution required only 
Table 27. Summary of total cropland and total cropland plus 
hayland utilization by consuming region in 1980 
Reg. Cropland Prop'n Prop'n Net Hayland+ Prop'n 
used cropland cropland hayland cropland haylandf 
(1000 a) diverted idle used used cropland 
(1000 a) (1000 a) idle 
NE 3697. - 0.45 806. 4502. 0.68 
AP 4219. - 0.64 996. 5215. 0.69 
SE 6952. 0.02 0.38 1098. 8049. 0.37 
DL 9066. 0.01 0.21 1355. 10421. 0.22 
CB 56306. - 0.20 6319. 62625. 0.23 
LK 19395. 0.01 0.29 7861. 27256. 0.24 
NP 38836. - 0.38 4694. 43531. 0.39 
SP 18893. - 0.40 1340. 20234. 0.42 
MT 13320. — 0.25 3145. 16465. 0.34 
PC 9525. - 0.03 1734. 11259. 0.16 
US 180209. 0.03 0.31 - 209556. 0.34 
5 
(o) AREAS • REGION • " 500,000 acres 
u> 
-J 
Figure 8. Location of unused cropland in 1980 
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5.8 million acres of irrigated cropland, and total irrigated 
cropland plus hayland use was 10.8 million acres. The demands 
for irrigated cropland in this study are similar to results 
obtained for the year 2000 in the Heady et al. report (53). In 
1964, the actual acreage devoted to irrigated crops (included 
in the programming model only) and to irrigated hay was 10.5 
million and 17,7 million acres respectively. 
There was excess pasture available in every consuming 
region. Approximately 80% of the national potential pasture 
supply was required for cropland, hay, and for use as pasture 
by livestock. 
Regional Results 
Cattle production 
A portion of the high equilibrium price of cattle is 
attributed to the rent on beef cow and fed beef capacities. 
Also, the regional production patterns of beef cows and fed 
beef production are largely controlled by the capacity 
constraints. The capacity constraints were defined to insure 
that both the necessary physical facilities and the number of 
producers willing to handle various types of livestock could 
exist in an area. The projected maximum constraints for beef 
cows and for fed beef were based on historical trends in 
inventory numbers for each consuming region. In the current 
model the further expansion of cattle production is possible 
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mainly through increased dairy cattle numbers since excess 
beef cow capacity and fed beef capacity exist in only two 
regions. 
Analysis of the shadow prices (rents) on livestock 
capacities (Table 28) indicate the strongest incentive for 
expanded beef cow numbers would be in the Northern Plains. 
Beef cow herd expansion would be profitable in all areas but 
the Lake States, Appalachian and the Northeast. The rent on 
fed beef capacity was also the highest in the Northern Plains. 
The shadow price indicates returns over all costs of $6.00 per 
head or more in all regions except the Delta, Lake States, and 
Pacific. 
Table 28. Estimated rents on livestock capacities in 1980 
Reg. Beef cow Hog Dairy Fed beef 
capacity capacity capacity capacity 
(head) (cwt.) (head) (head) 
($ per unit) 
NE - 0.19 - 10.13 
AP - - - 9.71 
SE 59.52 1.93 - 17.18 
DL 66.17 2.77 - 0.74 
CB 47.67 2.58 - 12.27 
LK 0.02 - -
NP 81.46 3.73 - 22.33 
SP 59.25 2.01 - 6.48 
MT 59.86 1.66 - 11.25 
PC 32.29 - -
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Table 29. Sstlmated regional allocation of livestock with 
comparisons to Hall solution and to 1953-55 and 
1963-65 actual allocations^ 
Reg. Estimated Actual Estimated Actual 
T9lfÔ HiTT 1551 Î96T Ï93Ô Hair 1953 1963 
—55 —65 —55 —65 
(Proportion of total production in each region) 
NE 
AP 
Beef cows Fed cattle 
.03 .07 .01 .01 .02 
SE .07 .07 .05 .08 .01 .01 - .02 
DL .08 .08 .08 .08 .08 - - .01 
CB .14 .12 .08 .08 .29 .36 .43 .36 
LK .03 .02 .13 .13 .00 .07 .09 .08 
NP .18 .18 .02 .02 .32 .22 .21 .19 
SP .24 .22 .19 .18 .08 .07 .04 .06 
MT .16 .15 .21 .21 .13 .15 .13 .14 
PC .06 .06 .17 .15 .07 .07 .08 .12 
Dairy cattle Hogs 
NE .09 .12 .16 .19 .02 .02 .03 .02 
AP .04 .06 .10 .09 .01 .07 .07 .07 
SE .03 .08 .05 .04 .05 .04 .05 .04 
DL .01 .03 .06 .04 .03 .02 .02 .01 
CB .07 .15 .20 .17 .61 .51 .57 .59 
LK .49 .37 .21 .26 .08 .12 .13 .12 
NP .16 .01 .07 .06 .14 .11 .11 .12 
SP .02 .08 .06 .04 .04 .03 .02 .02 
MT .04 .01 .03 .04 .02 .01 .01 .01 
PC .00 .04 .06 .07 .00 .01 .01 .01 
^Sources 1 (124 » 125, 175, 117, 118, 218). 
Fed cattle numbers have actually increased more in the 
Southern Plains area over the 1961-71 period (93) than in the 
Northern Plains. In the current solution the higher shadow 
pjLXWcd xii wwtuuetw JTxc&xiia ate laue vw w&c xuwei. 
price of feed grains (Table 23) in the Northern Plains. The 
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Northern Plains was a net exporter of feed grains. 
Total dairy production of 1330 million cwt. of fluid and 
manufactured milk is 116% of the production in 1968-70. Since 
the consumption of total dairy products is slightly downward, 
and since the projected milk output per cow is greater than 
for 1965, the dairy capacity was not exhausted in any region. 
The regional allocation differs somewhat from the results of 
the Hall solution as the concentration of dairy production in 
the Lake States is increased. Dairy cow numbers in the 
Northeast are down by 43% as compared to the results of the 
Hall study. 
Regional allocation of crop production 
The acreage of specific crops within each consuming 
region is presented in Table 30. Estimated average yields 
for 1980 obtained from the programming model are given in 
Table 31. 
The average rental value of cropland and hayland is 
given in Table 32. The average rental values are weighted 
averages of the shadow prices for each producing area within 
each consuming region. While the shadow price for each 
producing area is zero if there is excess land, the average 
shadow price for the consuming region is not equal to zero 
unless there is excess land in every producing area. 
Table 30. Estimated crop acreages by consuming regions in 19 80 
Reg. Wheat Corn Oats Barley Soybeans Silage Tame 
hay 
Wild 
hay 
Feed 
grain 
(1000 acres) 
NE — 258.0 — 584.2 — 1026.5 805.6 - » 1827. 8 
AP - - - - 2084.4 50.0 995.9 - 2084. 4 
SE - - — - 3357.8 236.2 1097.8 - 3357. 8 
DL 167.1 - - - 4291.6 135.6 1355.2 112.7 807. 5 
CB 7448.5 1042.6 821.9 376.8 22837.3 941.4 6318.6 - 22837. 3 
LK 4892.7 - 82.7 189.9 5922.1 2386.2 7860.6 448.7 5922. 1 
NP 1723.8 2667.5 63.2 606.6 15520.7 1485.5 3082.3 5576.2 15520. 7 
SP 9371.7 539.8 97.8 241.6 1680.6 120.5 - 634.2 6250. 3 
MT 4069.4 - — 128.7 - 1120.7 2773.6 1546.5 6221. 4 
PC 4514.6 392.3 - 372.9 - 12.4 - 431.7 770, 9 
Table 31. Average crop yields by consuming regions for 1980 
Reg. Wheat Corn Oats Barley Grain Soybeans Silage Tame Wild 
sorghum hay hay 
bu. bu. bu. bu. bu. bu. tons tons tons 
NE — 94.07 62.84 59.09 — 5.20 2.00 _ 
AP - 80.19 51.38 49.34 61.57 32.80 4.80 2.20 — 
SE — 58.69 37.15 41.28 52.19 27.20 3.90 . 2.40 — 
DL 38.40 50.17 78.28 40.07 48.48 26.90 4.80 2.00 0.90 
CB 46.90 106.25 70.91 51.24 96.79 35.20 5.50 3.50 -
LK 34.70 80.08 66.24 56.96 - 24.20 3.80 3.30 1.20 
NP 32.30 72.65 48.21 37.36 55.78 25.50 4.70 2.80 0.80 
SP 28.70 51.18 29.31 23.95 51.10 36.90 4.40 — 1.20 
MT 32.30 - 49.87 42.98 — - 6.00 to
 
H
 
O
 
0.90 
PC 36.40 73.26 44.93 47.78 72.71 - 5.50 — 1.10 
US 35.60 91.39 60.11 40.81 53.67 30.10 4.80 2.90 0.90 
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Table 32. Average land rents by consuming regions, for 198.0 
Reg. Total Hayland Cropland Wild 
cropland rent less hayland hayland 
rent rent rent 
($ per acre) 
NE 1.58 - 1.58 -
AP 1.91 1.05 0.87 -
SE 1.96 0.58 1.38 -
DL 14.06 0.70 13.37 0.96 
CB 10.66 4.95 5.71 — 
LK 8.08 3.90 4.18 5.89 
NP 2.15 0.15 2.00 1.53 
SP 1.38 0.84 0.54 6.73 
MT 10.19 4.38 5.81 7.83 
PC 15.36 3.28 12.08 4.79 
Soybeans 
Much of the interregional change in estimated crop 
acreage for 1980 (Table 33), as compared to the historical 
pattern of crop production, results from increased demand 
for vegetable oil and for oilmeals (Figure 9). The total 
increase in vegetable oil demand is derived from past trends 
in the oil equivalent to commercial soybean exports and from 
the increased use of vegetable oils in the consumer diet. 
Further pressure for increased soybean acreage is added by 
the decline in per capita consumption of cotton lint and the 
resulting decrease in cottonseed oil and cottonseed meal 
production. 
W AREAS ' REGION 26 
8 : : •• 5CC,000 acres non-irrigated 
Figure 9. Location of soybean acreage in 1980 
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Table 33. Estimated 1980 regional production patterns for 
soybean acreage with actual comparisons 
Reg. Actual Actual, Estimated 
1953 -55a 1963--65" 1980 
Acres Prop'n Acres Prop'n Acres Prop'n Prod. 
(thou.) (thou.) (thou. ) (mil. 
- bu. ) 
NE 283 .02 427 .01 0 .00 — 
AP 827 .05 1895 .06 2084 .03 68 
SE 319 .02 1140 .04 3358 .06 91 
DL 1520 .09 5166 .17 4292 .08 115 
CB 11041 .66 17417 .56 22837 .41 803 
LK 2053 .12 3297 .11 5922 .11 143 
NP 748 .04 1734 .06 15521 .29 395 
SP 42 .00 209 .01 1681 .03 62 
MT - - - - - - -
PC - - - - — - -
US 16832 1.00 31286 1.00 55695 1.00 1679 
^Source (261, 267). 
^Source (268, 263). 
The demand for digestible protein in the present study 
was shown in Table 22. The total requirement for protein is 
67% above that in the Hall study due to recalculation of 
protein demands for exogenous livestock. The estimated 55.7 
million acres of soybeans (total production of 1678 million 
bushels) represents an increase of 78% over the 1963-65 
acreage but is equal to the estimated soybean acreage for 1973^ 
1 
The term capital in the immediate discussion is under­
stood to exclude charges for labor and fertilizer. 
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The expansion of soybean acreage caused, some interesting 
changes in regional allocation of crop acreage. For example, 
the proportion of the total Corn Belt acreage devoted to 
soybean production is near the maximum 50% allowed as soybeans 
have replaced the traditional feed grain acreage. Soybean 
production has expanded into the Delta states as cotton 
production declines and into the Northern Plains replacing 
traditional wheat acreage. In the Northern Plains a dis­
crepancy in the weights allowed the soybean acreage to expand 
across the areas of declining rainfall and caused unrealistic 
soybean acreages in the Northern Plains. However, examination 
of the opportunity costs for activities not in the solution 
indicates that much of the questionable soybean acreage in the 
Northern Plains could be replaced by available acreage in the 
Delta and Southeast consuming regions at only slightly higher 
cost. Oilmeals are shipped from the Northern Plains and Corn 
Belt to the Delta region for feed use emd for international 
export. The regional prices for soybeans, calculated from 
the value of protein, T.D.N., and oil for the Hall solution 
and for the 1980 solution are presented in Table 34. 
Feed grains 
The national feed grain acreage (74 million acres) is 
close to the 73.9 million acres estimated for 1980 in the 
Heady and Mayer study (54). The regional allocation of feed 
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Table 34. Equilibrium prices of vegetable oil, oilmeal, and 
soybeans for 1980 by consuming regions with 
comparisons to. Hall's prices 
Current model Hall model 
(1980) (1964) 
Reg. Price Price Price Price Price Price 
oil oilmeal soybeans oil oilmeal soybeans 
($/cwt. ) ($/ton) ($/bu.) ($/cwt. )($/ton) ($/bu.) 
NE 1.26 117.74 2.86 9.03 28.24 1.51 
AP 1.23 119.97 2.91 9.00 28.23 1.51 
SE .96 119.23 2.86 8.72 26.08 1.44 
DL .91 119.21 2.86 8.67 25.94 1.43 
CB .08 113.23 2.64 7.85 19.92 1.21 
LK - 119.72 3.36 8.04 27.74 1.41 
NP - 112.15 3.14 8.09 25.36 1.36 
SP .88 50.34 1.25 8.83 27.56 1.48 
MT .97 119.90 2.88 9.06 17.72 1.27 
PC 1.31 103.70 2.54 9.24 28.45 1.54 
^Calculated from the value of T.D.N, and protein. 
grains differs from the historical allocations (Table 35) 
because soybeans substitute for feed grains in the Corn Belt 
while both feed grains and soybeans substitute for wheat in 
the Northern Plains (Figure 10). The acreage shifts between 
wheat and feed grains in the Northern Plains and in the Corn 
Belt have been mentioned earlier. However, the expansion of 
feed grains into the traditional wheat growing areas of the 
Northern Plains also occurs because of the association of 
feed grains with soybeans in the model and because of the 
increased number of cattle on feed in the Northern Plains 
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Table 35. Estimated 1980 regional production pattern of 
feed grain& acreage with selected actual year 
comparisons 
Reg. 1953-56^ 1963--65® 1980 
Acres Prop'n Acres Prop'-'n Acres Prop'n 
(thou.) (thou.) (thou.) 
NE 4073 .03 3145 .02 2669 .03 
AP 7884 .08 4424 .06 2084 .03 
SE 6955 .07 3650 .05 3558 .05 
DL 3532 .03 1183 .01 808 .01 
CB 44155 .39 5170 .43 25079 .33 
LK 18427 .10 4181 .11 6195 .08 
NP 27601 .18 2879 .20 18858 .25 
SP 10264 .10 8331 .09 7130 .09 
MT 4298 .01 4416 .01 7763 .10 
PC 3630 ,00 3225 .01 1828 .02 
US 130820 1.00 0606 1.00 75970 1.00 
^Total acres of com, oats, barley and grain sorghum. 
Includes uses for food, feed, industrial and exports. 
^Source (261, 267). 
^Source (268, 263). 
region. The expansion of the feed grain acreage in the 
Mountain states is necessary to accommodate the expanded 
numbers of cattle on feed in that region. The estimated non-
irrigated yields of com, oats, barley, and grain sorghum at 
the national level were 91.4, 60.1, 40.8, and 53.7 bushels 
per acre respectively. Only the Northern Plains and the Com 
Belt exported feed grains. Feed grains were transshipped 
through the Delta region for export and for feeding and were 
(o) AREAS • REGION 
• = 500,000 acres non-irrigated 
o = 500,000 acres irrigated 
cn 
o 
Figure 10. Location of feedgrain acreage in 1980 
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imported into the Mountain region and into the South for feed 
use. The production of feed grains was augmented by wheat 
used for feed in the Northeast, Appalachia, the Southern 
Plains, the Mountain States and the Pacific regions. 
Wheat production 
Estimated total wheat production for 1980 was 1146.3 
million bushels which was 8% less than the average production 
in 1963-65 when 546.5 million bushels of wheat were exported 
with the assistance of various government programs (Table 36). 
The estimated 1980 net commercial exports of wheat were 287.5 
million bushels. There were 486.7 million bushels of wheat 
estimated for 1980 feed use. The actual use of wheat for feed 
was only 68.8 million bushels in 1964 but had increased to 
213.8 million bushels for the 1969 crop (60). The comparative 
advantage of wheat for feed relative to other feed grains in 
the current solution is derived in part from the higher 
protein content of wheat. The estimated 1980 equilibrium 
price of protein varied among consuming regions from $59.30 
to $248.00 per ton. 
The most striking feature of the regional location 
pattern of crop production is the movement of wheat from the 
traditional producing areas of the Northern Plains. The loss 
of the comparative advantage for wheat in the Northern Plains 
is related to the relatively high price of oiimeals and to 
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Table 36. Estimated 1980 regional allocation of wheat 
acreage with selected year conç>arisons 
Reg. Actual^ Actual Estimated 
1953-55 1963-65 1980 
Acres Prop'n Acres Prop'n Acres . Prop'n Prod 
(thou.) (thou.) (thou.) (mil. 
bu. 
NE 1416 .03 838 .02 — 
AP 1191 .02 707 .01 - - -
SE 324 .01 226 .00 - - -
DL 110 - 493 .01 167 .00 64.8 
CB 6642 .12 5821 .12 7748 .23 3496 
LK 2014 .04 1885 .04 4892 .14 1697 
NP 24576 .44 20593 .43 1723 .05 556 
SP 7044 .12 7238 .15 9371 .28 2890 
MT 9316 .16 9258 .15 4069 .12 1114 
PC 3863 .07 3217 .07 6051 .18 1644 
US 56495 1.00 48276 1.00 33922 1.00 1146 
^Source (261, 267). 
^Source (268, 263). 
machine cost calculations (Figure 11). The 1964 machinery 
costs per bushel in the Northern Plains were higher relative 
to other surrounding regions, and these costs were the basis 
of the ratios applied to the 1964 levels of exogenous cost. 
While the shift in wheat production from the Northern Plains 
is in part due to the increased demand for protein which 
caused the expansion of soybean acreage, it is mainly due to 
the manner in which the capital inputs were projected to 1980. 
The capital requirements for each crop activity in each 
3 
(O) AREAS • REGION 
m 
w 
• = 500,000 acres non-irrigated 
o = 500,000 acres irrigated 
Figure 11. Location of wheat acreage in 1980 
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producing area in a consuming region were assumed to increase 
by the same proportion. The base year (1964) estimates were 
obtained from a study by Eyvindson (29). The results of the 
Eyvindson study show the locus of the wheat production 
shifting from the traditional concentration in the Kansas and 
Nebraska area of the Northern Plains to the North and South 
Dakota areas. Further, the projected ratio used for adjusting 
wheat production costs in the Northern Plains was higher than 
the ratios used for adjusting wheat production costs in the 
surrounding consuming regions. 
The projected capital ratios at the consuming region 
level for each crop were obtained by aggregation over 
projections for individual states within each consuming 
region. The traditional production pattern within the 
Northern Plains would have resulted if the individual state 
projections had been used since the individual state projec­
tions for North Dakota, South Dakota, Nebraska, and Kansas 
were 2.1, 1.7, 1.6 and 1.2 respectively. 
Harvested roughages 
Roughages are less competitive with silages in the 
current solution than historical data would indicate. However, 
one might expect the competitive position of silages to 
increase relative to hay since results from research efforts 
devoted to increasing yields o£ corn and sorghum grain would 
have some effect on the corresponding silage yields (Table 37). 
Also, the hay cost per ton is overstated by $0.25 to $5.00 
because the entire hay acreage in each producing region was 
charged for fertilization even when the projected proportion 
of acreage receiving fertilizer was less than one. 
Table 37. Regional production patterns for harvested rough 
ages in 1980 with actual year comparisons 
Reg. 1953 
m
 1 1963 -65= 1980 
Acres Prop'n Acres Prop'n Acres Prop'n Prod. 
(thou.) (thou. ) (thou.) (mil. 
tons) 
NE 9151 .11 8300 .11 1862 .03 7.000 
AP 6787 .08 5844 .08 1046 .02 2.467 
SE 2473 .03 1662 .02 1334 .03 3.500 
DL 2260 .03 1893 .02 1603 .03 3.530 
CB 14940 .18 12642 .17 7260 .15 27.137 
LK 12100 .15 11762 .15 10695 .22 35.580 
NP 19395 .23 17949 .23 13004 .27 36.035 
SP 3862 .05 4129 .05 2695 .06 13.069 
MT 7904 .10 8312 .11 6179 .13 17.649 
PC 3811 .05 3937 .05 2301 .05 11.878 
US 82684 1.00 76467 1.00 47979 1.00 157.845 
^All hay, sorghum silage, sorghum forage, corn silage, 
corn forage. 
^Source (261, 267). 
^Source (268, 263). 
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The recalculation of hay costs would improve the 
competitive position of hay relative to harvested forages and 
release additional crop acreage to the production of soybeans. 
However, the estimated 9.8 million acres of silage in 1980 
(Figure 12), is less than the 15.4 million acre national 
average for silage and forage grown between 1968 and 1970. 
Average projected hay yields for 1980 for silage, hay 
and wild hay were respectively 5.3^, 3.34, and 0.9 tons per 
acre. In 1960-64 the average per acre yields for tame hay, 
silage, sind wild hay were 1.77, 3.38, and 0.90 tons per acre 
(263). In the current solution, 14% of the total roughage 
production comes from harvested silage. 
Cotton 
Cotton production is concentrated in two consuming 
regions, the Pacific and in the Delta. The total national 
cotton lint requirement (based on an estimated 15 pounds per 
capita domestic consumption and on 841 million pounds of 
commercial lint export in 1968-70) required only 4.98 million 
acres. The projected U.S. average yield was 859 pounds of 
lint per acre. The national yield of 859 pounds of lint is 
nearly double the 438 actual pounds of lint per acre obtained 
in 1971, but the U.S. projected average yield is heavily 
^In tons of hay equivalent. 
• = 500,000 acres 
« less than 250,000 acres 
Figure 12. Location of harvested roughage acreage in 1980 
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influenced by the irrigated cotton yields in the west. The 
regional concentration of cotton may be extreme but if the 
total demand for cotton were reduced from current levels, 
production would be more concentrated as the marginal cotton 
producing areas shift to other crops. The total acreage 
requirement of cotton is in agreement with the 6.4 million 
acres obtained by Eyvindson (29) in the absence of cotton 
exports. 
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CHAPTER V. SUMMARY AND CONCLUSIONS 
The purpose of this study has been the development of a 
programming model base. The study proceeded in two phases, 
theoretical and applied. In the theoretical phase the search 
for a more efficient problem formulation led to the recognition 
and direct application of the concepts of negative semi-
definite programming formulated by Cottle and Dantzig (16). 
The reformulation was successful in reducing computation times 
for large problems by 90% or more of the time required by 
other studies. The reformulation was independent of efforts 
by Yaron (293) and TcUcayama cuid Judge (111). The Cottle and 
Dantzig approach to self-dual problems provides sm alternative 
to conclusions reached by Takayama and Judge and supplements 
those of Yaron. 
The applied phase dealt with the development of the data 
base and background coefficient estimation required to 
construct programming tableaus representative of future time 
periods under varying policy situations. The emphasis of the 
data base establishment was in areas where required information 
was not available from other studies either completed or in 
process. 
Because of the possible biases illustrated in Figure 6 
and to establish flexibility in the base model, efforts were 
— — MAik .^JS mm A A ^ JS ««A «1 ^ é^m 4 M ## 4 ## 4»^#» t *«*4 
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alternative levels of fertilization. The procedure combined 
the cross section fertilizer production functions with time 
series estimates of reported crop yields and estimated 
fertilizer application rates. Special efforts were made in 
the 17 western states to separate the effects of both 
fertilizer and irrigation on crop yields. The results of the 
crop yield estimation are summarized in Chapter 3 and in 
Appendix A, Tables 38 through 45. That crop yields increased 
faster during the 1949-1960 period than during the 1939-1960 
period analyzed by Heady and Auer (52) was expected. It was 
also expected that fertilization in the current study would 
account for a larger absolute portion of the annual yield 
increment. It is noteworthy that the residual trends after 
the removal of the effects of fertilization were, in general, 
larger than similar trends estimated by Heady and Auer. The 
greater residual technical trends in the latter period would 
be expected for crops such as grain sorghum where hybrids 
were introduced in the late 1950's, but the adoption of 
hybrid corn varieties had been largely completed by the middle 
1950's (197). That fertilization would be more important in 
explaining increases in yields for wheat, feed grains, and 
cotton than for soybeans and hay was expected. Between crops, 
the residual trends (after adjustment for fertilization) were 
greater them those estimated by Heady cuid Auer (52) • However, 
after removing the effects of fertilization, the changes in 
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yields remaining between irrigated and non-irrigated crops 
and between eastern and western regions were reduced. The 
further imputation of the residual trends to factors such as 
genetic improvement and managerial ability would be desirable 
but was beyond the scope of the current study. The incorpora­
tion of weather indices into the estimation procedure would 
also be desirable and would, hopefully, reduce some of the 
unexplained variability. The estimation of crop yields has 
served as a background for other studies and for future 
variations of the current model. 
Non-agricultural capital in the form of machinery, 
petroleum, buildings, pesticides emd other miscellaneous 
inputs continues to substitute for agricultural labor and 
land. Estimates were made of the demand for total labor and 
capital or exogenous inputs on an activity basis by each of 
the 10 U.S.D.A. farm production regions. The major explanatory 
variables were found to be farm size and lagged capital inputs. 
Variables relating to the factor/product price ratios and 
capital/labor price ratios were rarely significant. That 
price variables were not significant was not surprising 
because the data series represents the flow of services from 
a stock rather than from an expenditure series. Results 
based on annual expenditures could be expected to show more 
response to price ratios but such a data series by states over 
the observation period was not available. 
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The livestock production coefficients used by Hall were 
adjusted for increases in efficiency due to increased birth 
rates and decreased death rates. Estimates were made to 
establish relationships between dairy cow feed intake and milk 
output. Estimates were also made of changes in the roughage-
concentrate ratio. 
When the results for the crop sector were considered 
in the model, the quantity of capital, exclusive of 
fertilizer, was expected to increase by 33% between 1964 and 
1980 while the use of labor per activity unit in the same 
period was expected to decline to 78% of the 1964 level. The 
increase in non-fertilizer capital offset the decrease in 
labor per activity unit as the cost per activity unit increased 
by 5%. For livestock, the projected increase in capital per 
activity unit was 35% while projected labor requirements were 
estimated at 68% of the 1964 values. Total cost per activity 
unit measured in 1963-65 prices was expected to increase by 17%. 
The results from the initial solution are presented in 
Chapter IV. There are discrepancies in the data of the initial 
solution which caused unexpected changes in the regional 
allocation of crop production and differences in per capita 
consumption levels between consuming regions. In general 
with the exception of the vegetable oils, the results at the 
national level were in line with expectations. 
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Continued demand increases for soybeans for export and 
domestic consumption can be expected to cause soybean acreages 
to expand into new regions. The proportion of the crop 
acreage devoted to soybeans in the Corn Belt is currently 
approaching the 50% level. Expansion of the soybean acreage 
to the maximum level in the Corn Belt caused shifts in feed 
grain acreage into other areas. The total acreage devoted to 
roughage production was less than expected but total roughage 
production was increased relative to the results form Hall. 
The increase in roughage occurred because silages substituted 
for hay and because of the use of irrigated silage and hay in 
the west. If future increases in per capita disposable income 
and changes in preferences follow the indicated trends, the 
increased quantities of beef demanded can be expected to 
surpass increases in beef supplies. Further,increases in 
total beef production in the current model were constrained 
by the assumed maximum rate of increase in herd size and by 
the projected rate of feed lot construction. The shadow 
prices presented in Table 25 are valid only at the margin but 
are indicative of the potential for interregional changes 
under alternative assumptions about feed lot construction and 
increased beef herds. In the current solution, the greatest 
incentive for expansion would be in the Northern Plains where 
feed grains are shipped to the Delta for export. Feed lot 
construction may be expected to increase more rapidly than 
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indicated by past trends except as construction costs might be 
affected by environmental constraints. The derived demand for 
beef cows would be supplemented by the conversion of dairy 
cattle to beef production. Because the increase in milk pro­
duction per cow has reduced the number of dairy cow units 
required to produce a fixed volume of milk, dairy production 
as a source of feeder calves is likely to decline even though 
the demand for veal has declined. 
The purpose of this study was one of construction and 
formulation rather than of policy analysis. The resulting 
model performed reasonably given the regretable data 
discrepancies. Background work for the basic policy analysis 
has been completed. Further efforts to determine the important 
variables in the export sector would broaden the scope of the 
model. Also, quantification of the multiplier effects of input 
demands from agricultural production on rural and urban 
communities would be desirable. Further examination of the 
linkages back to such communities would allow the incorporation 
of Pareto-type constraints whereby those policy parameters 
which protect the welfare of all groups concerned may be better 
quantified. 
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APPENDIX A. RESULTS FROM CROP YIELD PROJECTIONS 
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Table 38. Effect of fertilizer adjustments on eastern state 
crop yield trends 
State Unadj. Adj. Ratio Unadj. Adj. Ratio 
trend trend tread trend 
Wheat Corn 
(bu. ) (bu. ) 
N.E. — — — 1.928 — — 
N.Y. 0.721 0.586 0.813 1.492 1.113 0.746 
N.J. 0.746 0.553 0.741 1.399 1.233 0.881 
Penn. 0.684 0.241 0.352 1.608 - -
Ohio 0.788 0.462 0.586 1.757 1.056 0.601 
Ind. 0.931 0.429 0.461 2.303 0.877 0.381 
111. 0.896 0.381 0.425 2.451 - -
Mich. 0.706 0.151 0.214 1.521 0.511 0.336 
Wise. 0.766 0.408 0.533 1.695 0.550 0.324 
Minn. 0.771 0.156 0.202 - - -
la. 0.672 0.406 0.604 2.553 1.061 0.416 
Mb. 0.673 - - 2.118 0.775 0.366 
Del. 0.918 0.801 0.873 1.177 0.480 0.408 
Md. 0.908 0.524 0.577 1.529 — -
Va. 0.821 0.487 0.593 1.762 1.107 0.628 
W.Va. 0.580 0.449 0.774 0.974 - -
N.C. 0.970 0.372 0.384 2.201 1.059 0.481 
s.c. 0.859 0.286 0.333 1.755 0.328 0.187 
Ga. 0.908 - - .  1.721 0.309 0.180 
Fla. - -  .  - 1.742 0.723 0.415 
Ky. 0.910 0.726 0.798 2.239 1.105 0.494 
Tenn. 0.877 0.429 0.489 1.444 - -
Ala. 0.490 0.101 0.206 1.007 - -
Miss. 0.482 0.085 0.176 1.040 - -
Ark. 0.771 0.636 0.825 0.943 0.470 0.498 
La. — — — 0.948 0.375 0.396 
Oats Barley 
(bu. ) (bu. ) 
N.E. 0.535 - — — — — 
N.Y. 1.021 1.189 1.165 1.055 1.272 1.206 
N.J. 0.395 - - 1.015 0.806 0.794 
Penn. 0.782 - - 1.015 0.291 0.287 
Ohio 1.218 0.880 0.722 0.881 0.870 0.988 
Ind. 1.119 0.842 0.752 0.747 0.612 0.819 
111. 1.238 1.319 1.065 0.772 0.460 0.596 
Mich. 1.145 0.714 0.624 0.853 0.599 0.702 
WJL ® ^  0. S60 0.766 0.991 1.09? 1-064 0.970 
Minn. i!Ô52 01447 Ô]425 l[Ô32 0.588 5." 570 
la. 1.089 1.218 1.118 1.189 1.246 1.048 
Mo. 0.786 0.169 0.215 0.736 - -
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Table 38 (Continued) 
State Unadj. Adj. Ratio Unadj. Ad]. Ratio 
trend trend trend trend 
Del. 0.776 0.312 0.402 0.960 0.871 0.907 
Md. 0.895 0.223 0.249 0.771 0.384 0.498 
Va. 0.851 0.773 0.908 0.886 0.984 1.111 
W.Va. 0.614 0.210 0.342 0.706 0.492 0.697 
N.C. 0.917 0.395 0.431 0.956 0.361 0.378 
S.C. 0.753 - - 0.842 - -
Ga. 1.051 - - 0.979 - -
Fia. 1.190 - - — - -
Ky. 0.976 0.215 0.220 1.097 0.825 0.752 
Tenn. 0.927 0.345 0.372 0.886 0.675 0.762 
Ala. 0.619 0.628 1.015 - - -
Miss. 1.230 0.605 0.492 - - -
Ark. 1.869 1.729 0.925 0.572 0.427 0.747 
La. 0.645 0.300 0.465 — — — 
Grain sorghum Soybeans 
(bu. ) (bu. ) 
N.B. - - — — — — 
N.Y. - - - 0.201 0.749 3.726 
N.J. - - - 0.259 0.471 1.819 
Penn. - - - 0.416 0.364 0.875 
Ohio - - - 0.279 0.147 0.527 
Ind. - - - 0.385 0.327 0.849 
111. - - - 0.408 0.352 0.863 
Mich. - - - 0.137 - -
Wise. - - - 0.297 0.283 0.953 
Minn. - - - 0.238 0.192 0.807 
la. - - - 0.492 0.445 0.904 
Mo. 2.644 1.069 0.404 0.387 0.237 0.612 
Del, - - - 0.329 - -
Md. - - - 0.422 0.411 0.974 
Va. - - 0.188 0.245 1.303 
W.Va. - - - - - -
N.C. 1.411 1.079 0.765 0.488 0.334 0.684 
S.C. 0.951 0.280 0.294 0.545 0.380 0.697 
Ga. 1.898 1.018 0.536 0.660 0.504 0.764 
Fia. - - - 0.499 0.516 1.034 
Ky. - - - 0.588 0.624 1.061 
Tenn. 1.471 0.614 0.417 0.336 - - ,  
Ala. 0.855 0.485 0.567 0.306 0.229 0.748 
Miss. 1.745 0.317 0.182 0.457 0.432 0.945 
Aîrk r 1.3GG 0.287 0,210 0 .227  0-160 0.705 
La. 0.784 - - 0.384 0.348 0.906 
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Table 38 (Continued) 
State Unadj. Adj. Ratio Unadj, Adj. Ratio 
trend trend trend trend 
Cotton lint 
(lbs.) 
N.E. 
N.Y. 
N.J. 
Penn. 
Ohio 
Ind. 
111. 
Mich. 
Wise. 
Minn, 
la. 
Mo. 
Del. 
Md. 
Va. 
W.Va. 
N.C. 
S.C. 
Ga. 
Pla. 
Ky. 
Tenn. 
Ala. 
Miss. 
Ark. 
La. 
N.E. 
N.Y. 
N.J. 
Penn. 
Ohio 
Ind. 
111. 
Mich. 
Wise. 
Minn. 
la. 
Mo. 
Del. 
17. 600 5.630 0. 320 
5. 920 8.240 1. 392 
8. 280 3.230 0. 390 
13. 500 3.520 0. 241 
14. 720 6.420 0. 436 
18. 56 4.890 0. 263 
17. 13 17.340 1. 012 
21. 07 4.450 0. 211 
16. 63 10.310 0. 620 
21. 47 14.250 0. 664 
15. 50 10.720 0. 692 
0. 000 0.000 0. 000 
Tame hay 
(tons) 
0. 017 0.009 0. 529 
0. 022 - -
0. ,019 - — 
0. 023 - -
0.027 
0.042 
0.054 
0.037 
0.040 
0.039 
0.059 
0.039 
0.030 
0.018 
0.034 
0.054 
0.032 
0.035 
0.035 
G.Û55 
0.023 
0.020 
0.667 
0.810 
1.000 
0.865 
0.875 
0.897 
0.932 
0.590 
0.667 
Corn silage 
(tons) 
0.321 0.065 0.202 
0.209 0.151 0.722 
0.177 0.159 0.898 
0.122 
0.175 
0.156 
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Table 38 (Continued) 
State Unad j. Ad j. Ratio Unad j. Ad j. Ratio 
trend trend trend . trend 
Md. 0.026 0.016 0.615 - - -
Va. 0.020 - - - - -
W.Va. 0.005 0.002 0.400 - - -
N.C. 0.020 0.010 0.500 - - -
S.C. 0.048 - - - - -
Ga. 0.077 0.034 0.442 - - -
Fla. 0.053 0.066 1.245 - - -
Ky. 0.034 0.029 0.853 - - -
Tenn. 0.025 0.011 0.440 - - -
Ala. 0.040 0.033 0.825 - - -
Miss. 0.033 0.021 0.636 - -
Ark. 0.034 0.028 0.824 - - -
La. 0.031 0.017 0.548 - - -
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Table 39, Crop yields for eastern states after adjustment for 
fertilization 
State Const. Trend Pred. 
1980 
F val 
Wheat 
(bus .) 
N.E. — — — — -
N.y. 27.652 0.586 37.031 0.924 231. 
N.J. 25.879 0.553 34.730 0.875 133. 
Penn. 10.343 0.241 14.199 0.634 33. 
Ohio 21.792 0.462 29.178 0.719 49. 
Ind. 17.337 0.429 24.200 0.593 28. 
111. 22.853 0.381 28.948 0.563 24. 
Mich. 21.954 0.151 24.374 0.766 62. 
Wise. 25.448 0.408 31.979 0.798 75. 
Minn. 17.671 0.156 20.171 0.601 29. 
la. 22.982 0.406 29.476 0.556 24. 
Mo. 15.610 0.000 15.610 0.964 512. 
Del. 19.678 0.801 32.496 0.840 100. 
Md. 15.750 0.524 24.134 0.716 48. 
Va. 15.759 0.487 23.556 0.561 24. 
W.Va. 15.812 0.449 23.000 0.824 89. 
N.C. 11.296 0.372 17.242 0.449 15. 
s.c. 12.902 0.286 17.484 0.546 23, 
Ga. 9.990 0.000 9.990 0.960 461. 
Fla. - - - - -
Ky. 19.316 0.726 30.937 0.746 56. 
Tenn. 13.955 0.429 20.824 0.737 53. 
Ala. 13.937 0.101 15.558 0.204 5. 
Miss. 16.508 0.085 17.868 0.163 4. 
Ark. 19.265 0.636 29.441 0.355 10. 
La. - — — — — 
Corn 
(bus. ) 
N.E. 30.780 0.000 30.780 0.984 1171 
N.Y. 49.638 1.113 67.438 0.904 179 
N.J. 36.609 1.233 56.338 0.337 10 
Penn. 33.960 0.000 33.960 0.964 516 
Ohio 57.865 1.056 74.764 0.897 165 
Ind. 50.425 0.877 64.451 0.778 67 
111. 51.420 0.000 51.420 0.983 1105 
Mich. 45.483 0.511 53.664 0.844 103 
Wise. 52.808 0.550 61.610 0.843 102 
Minn. = = = « -
la. 60.725 1.061 77.698 0.903 177 
Mo. 40.632 0,775 53.031 0.616 30 
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Table 39 (Continued) 
State Const. Trend Pred. 
1980 
F val 
Del. 41.918 0.480 49.593 0.360 11. 
Md. 25.800 0.000 25.800 0.946 335. 
Va. 32.723 1.107 50.432 0.420 14. 
W.Va. 29.060 0.000 29.060 0.977 810. 
N.C. 24.630 1.059 41.570 0.570 25. 
S.C. 8.349 0.328 13.597 0.195 5. 
Ga. 11.642 0.309 16.581 0.211 5. 
Fia. 16.676 0.723 28.240 0.589 27. 
Ky. 38.375 1.105 56.063 0.740 54. 
Tenn. 23.410 0.000 23.410 0.969 586. 
Ala. 7.570 0.000 7.570 0.914 202. 
Miss. 10.270 0.000 10.270 0.957 420. 
Ark. 20.466 0.470 27.989 0.436 15. 
La. 20.384 0.375 26.385 0.632 33. 
Oats 
(bus. ) 
N.E. 36.050 0.000 36.050 0.971 641. 
N.Y. 51.792 1.189 70.818 0.000 0. 
N.J. 33.860 0.000 33.860 0.985 1250. 
Penn. 19.120 0.000 19.120 0.972 663. 
Ohio 42.647 0.880 56.724 0.744 55. 
Ind. 38.171 0.842 51,638 0.645 35. 
111. 53.548 1.319 74.659 0.866 123. 
Mich. 40.484 0.714 51.906 0.817 85. 
Wise. 49.380 0.766 61.631 0.876 134. 
Minn. 42.253 0.447 49.409 0.792 72. 
la. 45.763 1.218 65.250 0.868 125. 
Mo. 24.760 0.169 27.465 0.621 31. 
Del. 24.808 0.312 29.803 0.574 26. 
Md. 27.581 0.223 31.146 0.725 50. 
Va. 23.051 0.773 35.412 0.709 46. 
W.Va. 21.379 0.210 24.746 0.600 29. 
N.C. 30.240 0.395 36.562 0.720 49. 
S.C. 20.230 0.000 20.230 0.984 1136. 
Ga. 21.940 0.000 21.940 0.972 655. 
Fia. 21.600 0.000 21.600 0.980 947. 
Ky. 27.653 0.215 31.100 0.597 28. 
Tenn. 24.685 0.345 30.208 0.790 71. 
Ala. 19.416 0.628 29.469 0.481 18. 
Miss. 27.396 0.605 37.072 0.566 25. 
Ark. 33.291 1.729 60.961 0.749 57. 
La. 25.877 0.300 30.680 0.687 42. 
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Table 39 (Continued) 
2 State Const. Trend Pred. R F val. 
1980 
Barley 
(bus. ) 
N.E. - - - - - .  
N.y. 42.700 1.272 63.058 0.000 0 
N.J. 43.383 0.806 56.276 0.845 104 
Penn. 21.743 0.291 26.395 0.524 21 
Ohio 34.888 0.870 48.816 0.875 133 
Ind. 29.484 0.612 39.272 0.815 84 
111. 30.829 0.460 38.185 0.000 0 
Mich. 32.442 0.599 42.023 0.854 111 
Wise. 42.158 1.064 59.185 0.843 102 
Minn. 31.354 0.588 40.759 0.761 60 
la. 39.076 1.246 59.006 0.000 0 
Mo. 22.000 0.000 22.000 0.982 1065 
Del. 26.996 0.871 40.937 0.822 88 
Md. 28.263 0.384 34.402 0.832 94 
Va. 24.804 0.984 40.547 0.762 61 
W.Va. 24.594 0.492 32.463 0.749 57 
N.C. 25.687 0.361 31.464 0.689 42 
S.C. 13.510 0.000 13.510 0.957 419 
Ga. 22.030 0.000 22.030 0.927 242 
Fla. - - - • - -
Ky. 30.128 0.825 43.331 0.000 0 
Tenn. 20.232 0.675 31.029 0.843 102 
Ala. - - - - -
Miss. - - - - -
Ark. 23.721 0.427 30.560 0.000 0 
La. — — — — — 
Grain sorghum 
(bus. ) 
N.E. — — — - -
N.Y. - - - - -
N.J. - - - - -
Penn. - - - — -
Ohio - - - - m» 
Ind. - - - - -
111. - - — — — 
Mich. - - - - -
Wise. - - - - -
Minn. - - - - -
la. — - - -
Mo. 25.713 1.069 42.817 0.667 38 
Del. - — — — — 
X 
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Table 39 (Continued) 
2 State Const. Trend Pred, R F val. 
1980 
Md. - - - - -
Va. - - - - -
W.Va. - - - - -
N.C. 29.421 1.079 46.679 0.854 Ill 
S.C. 14.349 0.280 18.829 0.976 764 
Ga. 14.759 1.018 31.051 0.568 25 
Fla. - - - - -
Ky. - - - - -
Tenn. 22.895 0.614 32.714 0.532 22 
Ala. 7.691 0.485 15.453 0.407 13 
Miss. 18.844 0.317 23.909 0.417 14 
Ark. 16.308 0.287 20.897 0.348 10 
La. 22.254 0.000 22.254 0.986 1368 
Soybeans 
(bus. ) 
N.E. - — — - -
N.y. 15.283 0.749 27.264 0.000 0 
N.J. 18.303 0.471 25.836 0.609 30 
Penn. 14.980 0.364 20.810 0.617 31 
Ohio 22.676 0.147 25.034 0.823 88 
Ind. 24.811 0.327 30.046 0.883 143 
111. 27.916 0.352 33.554 0.891 155 
Mich. 20.000 0.000 20.000 0.987 1462 
Wise. 16.206 0.283 20.728 0.783 69 
Minn. 20.731 0.192 23.798 0.847 105 
la. 27.914 0.445 35.035 0.888 151 
Mo. 21.427 0.237 25.224 0.716 48 
Del. 14.840 0.000 14.840 0.917 210 
Md. 17.499 0.411 24.070 0.501 19 
Va. 21.881 0.245 25.804 0.790 71 
W.Va. - - - - -
N.C. 14.577 0.334 19.917 0.566 25 
S.C. 14.827 0.380 20.910 0.551 23 
Ga. 11.232 0.504 19.294 0.595 28 
Fla. 18.332 0.516 26.581 0.719 49 
Ky. 22.436 0.624 32.419 0.888 151 
Tenn. 13.950 0.000 13.950 0.973 680 
Ala. 18.290 0.229 21.956 0.763 61 
Miss. 21=563 0 = 432 28.170 0.655 36 
Ark. 18.885 0.160 21.440 0.647 35 
La. 21.588 0.348 27.151 0.791 72 
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Table 39 (Continued) 
5 : 
State Const. Trend Pred. R F val. 
1980 
Cotton 
(lbs.) 
N.E. - - - - -
N.Y. - - - - -
N.J. - - - - -
Penn. - - - - — 
Ohio - - - - -
Ind. - - - - — 
111. - - - - -
Mich. - - - - -
Wise. - - - - -
Minn. - - - - -
la. - - - - -
Mo. 289.200 5.630 172.320 0.733 
CM in 
Del. - - . - - -
Md. - - - — -
Va. 298.230 8.240 218.710 0.725 50. 
W.Va. - - - - -
N.C. 163.020 3.280 68.630 0.471 17. 
S.C. 145.850 3.520 89.020 0.539 22. 
Ga. 196.750 6.420 167.500 0.753 58. 
Fla. 88.282 3.792 148.947 0.000 0. 
Ky. 367.450 17.340 457.200 0.543 23. 
Tenn. 260.370 4.450 50.540 0.710 47. 
Ala. 211.440 10.310 191.410 0.626 32. 
Miss. 291.740 14.250 442.950 0.694 43. 
Ark. 379.570 10.720 422.640 0.899 169. 
La. 206.375 1.385 228.532 0.000 0. 
Com silage 
(tons) 
N.E. 7.263 0.065 8.302 0.000 0. 
N.Y. 9.663 0.151 12.077 0.000 0. 
N.J. 7.883 0.159 10.429 0.000 0. 
Penn. - - — — -
Ohio - - - — — 
Ind. - — - - -
111. - - - - -
Mich. - - - - -
Wise, 
j •««« 
8.744 0.000 8.744 0.990 1924. 
la. — -
Mo. - - -
Del. 7.390 0.000 7.390 0.968 577. 
200 
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Table 39 (Continued) 
State Const. Trend Fred. R P val, 
1980 
Md. 4.911 -0.111 3.137 0.947 341. 
Va. - - - - -
W.Va. - - - - -
N.C. - - - - — 
S.C. - - - - -
Ga. - - - - -
Fla. - - - - -
Ky. - - - — — 
Tenn. - - — — — 
Ala. - - - - -
Miss. - - - - -
Ark. - - - - -
La. — — — — — 
Tame hay 
(tons) 
N.E. 1.335 0.009 1.473 0.000 0. 
N.y. 1.514 0.000 1.514 0.000 0. 
N.J. 1.793 0.000 1.793 0.000 0. 
Penn. 1.346 0.000 1.346 0.000 0. 
Ohio 1.645 0.018 1.931 0.000 0. 
Ind. 1.873 0.034 2.424 0.000 0. 
111. 2.321 0.054 3.186 0.000 0. 
Mich. 1.784 0.032 2.304 0.000 0. 
Wise. 2.345 0.035 2.907 0.000 0. 
Minn. 2.175 0.035 2.742 0.000 0. 
la. 2.392 0.055 3.272 0.000 0. 
Mo. 1.459 0.023 1.828 0.000 0. 
Del. 1.487 0.020 1.810 0.000 0. 
Md. 0.991 0.016 1.239 0.000 0. 
Va. 0.987 0.000 0.987 0.000 0. 
W.Va. 1.228 0.002 1.261 0.000 0. 
N.C. 1.053 0.010 1.216 0.000 0. 
S.C. 0.518 0.000 0.518 0.000 0. 
Ga. 0.824 0.034 1.362 0.000 0. 
Fla. 0.782 0.066 1.840 0.000 0. 
Ky. 1.536 0.029 2.006 0.000 0. 
Tenn. 1.082 0.011 1.258 0.000 0. 
Ala. 1.063 0.033 1.596 0.000 0. 
Miss. 1.347 0.021 1.688 0.000 0. 
Ark. 1.326 0.028 1.768 0.000 0. 
La. 1.386 0.017 1.666 0.000 0. 
Table 40. Regression estimates of the proportion of harvested acreage receiving 
fertilizer and the ratio of actual to optimal fertilizer application for 
the eastern states 
State Proportion fertilized Actual to optimal ratio 
Const. Trend T val. St. Er. Const. Trend T val. St. Er 
1949 trend equa. 1949 trend equa. 
Wheat 
N.E. 0.000 0.000 0.000 0.000 0.000 0 .000 0.000 0.000 
N.Y. 1.219 0.026 2.011 0.222 0.824 0.009 1.100 0.031 
N.J. 0.605 0.016 1.109 0.250 0.736 0.014 1.172 0.023 
Penn. 0.249 0.036 1.363 0.117 0.000 0.000 0.905 0.000 
Ohio 0.794 0.000 0.794 0.000 0.924 0.003 1.021 0.032 
Ind. 0.190 0.022 0.875 0.099 0.938 0.001 0.955 0.058 
111. 0.176 0.018 0.738 0..154 0.551 0.015 1.024 0.116 
Mich. 0.187 0.041 1.467 0.127 0.804 0.010 1.115 0.031 
Wise. 0.327 0.009 0.609 0.156 0.276 0.031 1.247 0.074 
Minn. 0.010 0.034 1.057 0.231 0.163 0.037 1.315 0.064 
la. 0.164 0.008 0.397 0.141 0.264 0.014 0.701 0.108 
Mo. 0.169 0.026 0.983 0.094 0.748 0.008 0.996 0.060 
Del. 0.707 0.000 0.707 b.ooo 0.879 0.006 1.070 0.051 
Md. 0.189 0.019 0.777 0.072 0.000 0.000 0.925 0.000 
Va. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
W.Va. 0.409 0.005 0.577 0.069 0.834 0.004 0.948 0.019 
N.C. 0.204 0.028 1.077 0.118 0.822 0.011 1.155 0.038 
S.C. 0.000 0.059 1.826 0.172 0.882 0.001 0.904 0.041 
Ga. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Fla. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ky. 0.302 0.009 0.581 0.106 0.445 0.026 1.251 0.107 
Tenn. 0.081 0.009 0.372 0.027 0.691 0.006 0.869 0.052 
Ala. 0.089 0.017 0.630 0.145 0.117 0.039 1.341 0.314 
Miss. 0.093 0.044 1.448 0.342 -0.006 0.042 1.298 0.311 
Ark. 0.094 0.017 0.622 0.169 0.103 0.038 1.281 0.312 
La. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Table 40 (Continued) 
State 
Const. 
1949 
Proportion fertilized 
Trend T val. St. Er 
trend equa, 
N.E. 0.185 0.015 0.647 0.059 
N.Y. 1.346 0.030 2.272 0.302 
N.J. 0.375 0.003 0.483 0.074 
Penn. 0.107 0.026 0.899 0.044 
Ohio 0.000 0.000 0.767 0.000 
Ind. 0.060 0.024 0.814 0.048 
111. -0.013 0.039 1.183 0.087 
Mich. 0.152 0.048 1.625 0.116 
Wise. 0.079 0.041 1.353 0.119 
Minn. 0.039 0.050 1.577 0.217 
la. -0.144 0.064 1.852 0.235 
Mo. 0.166 0.031 1.124 0.091 
Del. 0.922 0.000 0.922 0.000 
Md. 0.125 0.018 0.692 0.067 
Va. 0.000 0.000 0.000 0.000 
W.Va. 0.178 0.004 0.309 0.044 
N.C. 0.248 0.039 1.448 0.104 
S.C. 0.086 0.043 1.418 0.062 
Ga. 0.000 0.000 0.000 0.000 
Pla. 0.254 0.013 0.646 0.097 
Ky. 0.062 0.056 1.785 0.135 
Tenn. 0.012 0.025 0.786 0.051 
Ala. 0.287 0.032 1.268 0.134 
Miss. 0.213 0.029 1.098 0.062 
Ark. 0.301 0.009 0.570 0.151 
La. 0.394 0.026 1.185 0.125 
Const. Trend T val. St. Er. 
1949 trend equa. 
Corn 
0.753 
0.808 
0.895 
0.855 
0.920 
0.900 
0.263 
0.700 
0.729 
0.219 
0.257 
0.422 
0.782 
0.857 
0.000 
0.519 
0.894 
0.936 
0 . 0 0 0  
0.536 
0.636 
0.636 
0.907 
0.807 
0.401 
0.615 
0.007 
0.010 
0.001 
0.006 
0.003 
0.005 
0.035 
0.016 
0.013 
0.036 
0.034 
0.029 
0.011 
0.007 
0.000 
0.020 
0.006 
0.003 
0 .000  
0.025 
0.017 
0.018 
0.004 
0.007 
0.024 
0.014 
0.983 
1.107 
0.927 
1.046 
1.024 
1.049 
1.356 
1.204 
1.117 
1.324 
1.296 
1.315 
1.136 
1.062 
0 .000  
1.126 
1.094 
1.014 
0 . 0 0 0  
1.318 
1.174 
1.184 
1.042 
1.030 
1.153 
1.060 
0.092 
0.034 
0.074 
0.021 
0.027 
0.015 
0.156 
0.078 
0.034 
0.065 
0.077 
0.075 
0.070 
0.050 
0 .000  
0.122 
0.051 
0.037 
0 .000  
0.060 
0.094 
0.045 
0.021 
0.069 
0.071 
0.087 
Table 40 (Continued) 
State 
Const. 
1949 
Proportion fertilized 
Trend T val, St. Er. Const. 
Actual to optimal ratio 
Trend 
trend equa. 
T val. 
trend 
St. Er. 
equa. 
N.E. 
N.Y. 
N.J. 
Penn. 
Ohio 
Ind. 
111. 
Mich. 
Wise. 
Minn. 
la. 
Mo. 
Del. 
Md. 
Va. 
W.Va. 
N.C. 
S.C. 
Ga. 
Pla. 
Ky. 
Tenn. 
Ala. 
Miss. 
Ark. 
La. 
0.838 
1.007 
0.933 
0.274 
0.468 
0.528 
0.899 
0.552 
0.591 
0.227 
0.394 
0.552 
0.594 
0.575 
0.000 
0 .000 
0.589 
0.621 
0.562 
0.000 
0 . 0 0 0  
0.331 
0 .000  
0.541 
0.000 
0.582 
0 .000  
0.003 
0.003 
0.023 
0.023 
0.022 
0.003 
0 . 0 0 0  
0.000 
0.009 
0.024 
0.059 
0 .000  
0.023 
0 .000  
0.000 
0.010 
0.002 
0.001 
0.000  
0 .000  
0.020 
0 .000  
0.020 
0 .000  
0.002 
0.838 
1.000 
0.981 
0.984 
1.173 
1.214 
1.000 
0.552 
0.591 
0.508 
1.140 
2.382 
0.594 
1.284 
1.022 
0.653 
0.749 
0.653 
0.578 
0.759 
2.119 
0.943 
0.869 
1.161 
0.411 
0.614 
0.000  
0 . 0 0 0  
0 .000  
0.062 
0.119 
0.130 
0.335 
0 . 0 0 0  
0 .000  
0.161 
0.174 
0.151 
0 .000  
0.136 
0 .000  
0 .000  
0 . 0 0 0  
0 .000  
0 .000  
0 .000 
0 .000  
0.067 
0 .000  
0.241 
0 . 0 0 0  
0.000 
Oats 
0.324 
0 . 0 0 0  
0.356 
0.734 
0 .000  
0 . 0 0 0  
0 . 0 0 0  
0 .000  
0 .000  
-0.038 
0 . 0 0 0  
0.348 
0.867 
0.836 
0.765 
0.646 
0.750 
0.695 
0 . 0 0 0  
-0.020 
-0.121 
0.409 
0 . 0 0 0  
0.504 
0.444 
0.582 
0.015 
0 . 0 0 0  
0.025 
0.001 
0 . 0 0 0  
0 .000 
0 .000  
0 .000  
0 .000  
0.024 
0 .000  
0.024 
0.007 
0.006 
0 . 0 0 0  
0 . 0 0 8  
0.016 
0.002 
0 . 0 0 0  
0.067 
0.050 
0 .015 
0 .000  
0.011 
0.019 
0.009 
0.786 
0.271 
1.119 
0.775 
0.721 
0.642 
0.132 
0.751 
0.400 
0.697 
0.181 
1.090 
1.091 
1.023 
0 .000  
0.883 
1.243 
0.742 
0 . 0 0 0  
2.044 
1.424 
0.865 
0.590 
0.849 
1.018 
0 .866 
0.047 
0 . 0 0 0  
0.153 
0.033 
0 .000  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0.074 
0 . 0 0 0  
0.083 
0.081 
0.113 
0.057 
0.108 
0.090 
0.060 
0 . 0 0 0  
0.341 
0.314 
0.016 
0 . 0 0 0  
0.053 
0.115 
0.069 
Ted)le 40 (Continued) . 
State Proportion fertilized 
Const. 
1949 
Trend T val. 
trend 
St. Er. 
equa. 
N.E. 0.000 0.000 0.000 0.000 
N.y. 0.000 0.000 0.317 0.000 
N.J. 0.550 0.001 0.566 0.000 
Penn. 0.091 0.043 1.413 0.138 
Ohio 0.000 0.000 0.866 0.00Ô 
Ind. 0.623 0.000 0.623 0.000 
111. 0.000 0.000 0.754 0.000 
Mich. 0.629 0.000 0.629 0.000 
Wise. 0.000 0.000 0.336 0.000 
Minn. -0.013 0.036 1.103 0.207 
la. 0.391 0.032 1.388 0.235 
Mo. 0.246 0.063 2.142 0.107 
Del. 0.565 0.000 0.565 0.000 
Md. 0.437 0.017 0.961 0.083 
Va. 0.000 0.000 0.681 0.000 
W.Va. 0.000 0.000 0.522 0.000 
N.C. 0.416 0.037 1.579 0.180 
S.C. 0.127 0.030 1.045 0.090 
Ga* 0.000 0.000 0.000 0.000 
Fla. 0.000 0.000 0.000 0.000 
Ky. 0.000 0.000 0.522 0.000 
Tenn. 0.357 0.011 0.685 0.070 
Ala. 0.000 0.000 0.000 0.000 
Miss. 0.000 0.000 0.000 0.000 
Ark. 0.258 0.013 0.653 0.316 
La. 0.000 0.000 0.000 0.000 
Actual to optimal ratio 
Const. Trend T val. St. Er. 
1949 trend equa. 
0 .000  
o.odo 
0.441 
0 .000 
0.740 
0.664 
0.201 
0 . 0 0 0  
0.466 
0.129 
0.000 
0.548 
0.807 
0 . 0 0 0  
0.000  
0.717 
0.783 
0 .000  
0 .000  
0 .000  
0.093 
0.408 
0 . 0 0 0  
0 .000  
-0.083 
0 .000  
0 .000  
0 .000  
0.023 
0 . 0 0 0  
0.010 
0.012 
0.019 
0 . 0 0 0  
0.002 
0.034 
0.000 
0.022 
0.009 
0 . 0 0 0  
0 .000  
0.010 
0.014 
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0.040 
0.015 
0 . 0 0 0  
0 . 0 0 0  
0.046 
0 .000  
0 . 0 0 0  
0.288 
1.153 
0.723 
1.059 
1.022 
0.776 
0.754 
0.532 
1.191 
0.187 
1.219 
1.087 
0.908 
0.697 
1.032 
1.212 
0.734 
0 . 0 0 0  
0 . 0 0 0  
1.318 
0.871 
0 . 0 0 0  
0 . 0 0 0  
1.357 
0.000  
0 .000  
0 .000  
0.177 
0 . 0 0 0  
0.059 
0.149 
0.126 
0 .000  
0.049 
0.057 
0 .000  
0.236 
0.097 
0 . 0 0 0  
0 . 0 0 0  
0.096 
0.069 
0 . 0 0 0  
0 .000  
0 . 0 0 0  
0.233 
0.102 
0 . 0 0 0  
0.000 
0.258 
0 .000  
Table 40 (Continued) 
State Proportion fertilized Actual to optimal ratio 
Const. Trend T val. St. Er. Const. Trend T val. St. Er 
1949 trend equa. 1949 trend equa. 
Grain sorghum 
N.E. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
N.Y. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
N. J. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Penn. 0.000 0 .000 0.000 0.000 0.000 0.000 0 .000 0.000 
Ohio 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ind. -0.122 0.043 1.224 0.114 0.047 0.046 1.470 0.302 
111. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Mich. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Wise. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Minn, 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
la. -0.290 0.062 1.634 0.132 -0.159 0.047 1.298 0.061 
Mo. 0.089 0.031 1.037 0.080 0.507 0.014 0.936 0.136 
Del. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Md. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Va. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
W.Va. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
N.C. 0.898 0.001 0.914 0.000 0.873 0.005 1.014 0.050 
S.C. 0.044 0.047 1.491 0.079 0.623 0.007 0.854 0.136 
6a. -0.109 0.073 2.163 0.216 0.406 0.027 1.231 0.069 
Fia. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ky. 0.578 0.016 -0.217 0.114 0.604 0.005 0.339 0.105 
Tenn. -0.186 0.047 1.273 0.101 -0.228 0.055 1.475 0.095 
Ala. 0.534 0.008 0.777 0.091 0.407 0.021 1.067 0.202 
Miss. 0.201 0.039 -1.691 0.054 -0.081 0.050 -2.543 0.139 
Ark. 0.105 0.008 0.345 0.122 0.192 0.015 0.662 0.142 
La. 0.064 0.077 2.444 0.200 -0.290 0.065 1.738 0.120 
Table 40 (Continued) 
State Proportion fertilized Actual to optimal ratio 
Const. Trend T val. St. Er. Const. Trend T val. St. Er. 
1949 trend egua. 19.49 trend egua. 
N.E. 0.000 0.000 
N.Y. 1.000 0.000 
N.J. 0.000 0.000 
Penn. 0.000 0.000 
Ohio 0.665 0.012 
Ind. 0.294 0.005 
111. 0.646 0.016 
Mich. 0.704 0.006 
Wise. 0.000 0.000 
Minn. 0.000 0.000 
la. 0.058 0.038 
Mo. 0.325 0.007 
Del. 0.000 0.000 
Md. 0.000 0.000 
Va. 0.000 0.000 
W.Va. 0.000 0.000 
N.C. 0.475 0.026 
S.C. 0.000 0.000 
Ga. 0.000 0.000 
Fla. 0.000 0.000 
Ky. 0.000 0.000 
Tenn. 0.382 0.001 
Ala. 1.351 0.034 
Miss. 0.000 0.000 
Ark. 0.273 0.018 
La. 0.113 0.052 
Soybeans 
0.000 0.000 0.000 
1.000 0.000 0.000 
1.181 0.000 0.000 
0.696 0.000 0.500 
1.029 0.148 0.086 
0.439 0.072 0.350 
1.146 0.261 0.021 
0.886 0.277 0.276 
0.550 0.000 0.000 
1.473 0.000 -0.017 
1.240 0.264 -0.004 
0.555 0.108 0.007 
0.992 0.000 0.165 
0.401 0.000 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
1.288 0.227 0.612 
0.000 0.000 0.000 
0.745 0.000 0.501 
0.669 0.000 0.872 
1.076 0.000 0.186 
0.398 0.098 0.193 
2.391 0.463 0.522 
1.313 0.000 0.000 
0.841 0.239 0.162 
1.714 0.360 0.014 
0.000 0.000 0.000 
0.000 0.524 0.000 
0.000 0.528 0.000 
0.015 0.975 0.121 
0.014 0.529 0.068 
0.006 0.546 0.077 
0.007 0.222 0.030 
0.021 0.937 0.160 
0.000 0.285 0.000 
0.009 0.255 0.069 
0.007 0.214 0.067 
0.008 0.261 0.040 
0.040 1.409 0.084 
0.000 0.702 0.000 
0.000 0.000 0.000 
0.000 0.000 0.000 
0.003 0.699 0.165 
0.000 0.000 0.000 
0.009 0.790 0.088 
0.001 0.901 0.222 
0.002 0.240 0.102 
0.012 0.568 0.080 
0.012 0.885 0.191 
0.009 0.280 0.104 
0.003 0.257 0.068 
0.007 0.247 0.107 
m 
• CO 
> «a X hÇ) O en z S H (D H &) # # 01 3 . 0) O n < 
• 5 • • • § 
H M Q g g Z H 3 sr (D 
H Pi H- 3 Q î< M 
• 0 3 
• * 
O O O O O O O O O O O O O H O O O O O O O O O O H O  # # # * # « # * # # # # » # # # * » # # # # # # # #  
O H H O O O H O O O O O N J O O O O t O O O O O O O U l H  )UU1tO<JH'OHU>0<nOOVOOOOOOOOOOOOOtCkVO 
CJVOl-iooVOOtOUIOOOOVOOOOOCOOOOOCOWO 
O o o o o o o o o o O o 0 0 o o o 0 0 o 0 0 o o o o 
» • 
o o o o o o o o o o O o o o o o o o o o o o o o o o 
o o M H o o o H o o O o H O o o o 1^  o o o o o o w H 
w o O O lU o H* W o un O o -sj O m o o NJ o o o o o o o 
o o o O o o o O o o O o 
1
 
0 o o o 0 
1
 o 
0 0 o o to o 
# 
H H W H w M o lO o o 00 o N) o o U1 o o o o o o\ o\ 
to m w 00 W w o H o 00 M O m o o H o o o o o H m w 
m w m •>1 <y» -0 00 \o o 00 o m W O U1 o o o o o o o U1 VO to 
o o o o o o o o o o o o 
0 0 o o o 0 0 o 0 0 o o o o (D CO ft 
• tQ 
o o o o o o o o o o o o H o o o o o o o o o o o w o c 
o 07 to lo H o lO o M o o 00 o lO o o VO o o o o o o H m S) M 
m VO VO o o itk o m o o 00 o to o o o o o o o o o 00 w 
n 
M 
0 ft 
g 
o o o o o o o o o o o o o o o o o o o o o o o o o o 3 M m 
* • « VO 0 
VO 00 VO VO 00 00 VO VO o VO o o 00 -J a\ o o "U o o o o o 00 00 -J 4k 3 
H m to VO 00 o VO o o Ol -J itk o o N3 o o o o o VO o U1 \o (0 
oo 0> o ro •1^  o VO o o 00 00 o o o VO o o o o o w 00 w ft 
o o o o o o o o o o o o 
0 0 o o o 0 0 o 0 0 o o o o 
• • 
o o o o o o o o o o o o o o o o o o o o o o o o o o 
o o o o o o o o o o o o o M H o o M o o o o o o H o 
to VO M H 00 H o o o o o Ch to VO o o w o o o o o H o 
o H M H H o H o o o o o MM M o o M o o o o o o M o rt 
# « • • # t t M VO H o o o VO o VO o VO o 00 o M to o o M o o o o o VO M VO (D < 
>J to H o 00 00 M VO o VO o VO m w o o M o o o o o to o 00 3 su 
o m o U1 o 4k o H o M o M VO VO M o o  ^o o o o o -J w DiM 
o o o o o o o o o o o o 
0 0 o o o 0 0 o 0 0 o o o o (D CO ft 
• « t « • A 
o M o o o M o o o o o o o o o o o o o o o o o o o o c 
a\ o to M U1 o M o o o o a\ o* o o w o o o o o w VO (D a 
tn o M w to 00 00 o CO o o VO 00 00 o o o o o o o 4k w to M 
CO 
ft B) 
ft (D 
H O 
W O itk 3 
VO (0 
ft 
» 
Î 
CM 
§2 
o, H 
I 0 
H ft 
H-
§ 
Ml (b 
H ft 
H-
H 
H-
N (D 
01 
*-3 
§ 
0> 
G 
ft 
c 0> 
M 
g 
s 
3 (U 
M 
H p> 
ft 
o 
Table 40 (Continued) 
State Proportion fertilized Actual to optimal ratio 
Const. Trend T val. St. Er. Const. Trend T val. St. Er 
1949 trend equa. 1949 trend equa. 
Corn silage 
N.E. 0.000 0.000 0.476 0 .000 0.164 0.005 0.312 0.026 
N.Y. 0.000 0.000 0.193 0.000 0.028 0.006 0.211 0.005 
N.J. 0.349 0.004 0.462 0.181 0.217 0.006 0.394 0.053 
Penn. 0.000 0.000 0.448 0.000 0.088 0.008 0.338 0.010 
Ohio 0.168 0.013 0.569 0.060 0.092 0.000 0.088 0.011 
Ind. 0.479 0.020 1.096 0.121 0.086 0.004 0.208 0.027 
111. 0.575 0.009 0.847 0.219 0.000 0.000 0.077 0.000 
Mich. 0.000 0.000 0.543 0.000 0.065 0.003 0.149 0.017 
Wise. 0.579 0.007 0.793 0.182 0.029 0.004 0.156 0.016 
Minn. 0.488 0.008 0.745 0.166 0.082 0.003 0.170 0.025 
la. 0.454 0.029 1.347 0.160 0.040 0.003 0.143 0.022 
Mo. 0.252 0.011 0.580 0.083 0.027 0.007 0.241 0.021 
Del. 0.724 0.018 1.000 0.000 0.262 0.004 0.385 0.073 
Md. 0.297 0.017 0.834 0.154 0.000 0.000 0.319 0.000 
Va. 0.366 0.020 0.983 0.116 0.200 0.002 0.274 0.016 
W.Va. 0.582 0.006 0.779 0.219 0.098 0.001 0.120 0.036 
N.C. 0.256 0.012 0.629 0.093 0.278 0.006 0.469 0.031 
S.C. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Ga. 0.164 0.022 0.842 0.085 0.325 0.007 0.554 0.057 
Fia. 0.180 0.000 0.178 0.052 0.000 0.000 0.425 0.000 
Ky. 0.885 0.044 2.261 0.379 0.064 0.003 0.165 0.019 
Tenn. 0.332 0.037 1.490 0.163 0.135 0.005 0.302 0.089 
Ala. 0.000 0.000 0.397 0.000 0.193 0.009 0.480 0.026 
Miss. 0.062 0.012 0.440 0.045 0.129 0.007 0.356 0.020 
Ark. 0.077 0.006 0.275 0.070 0.044 0.009 0.329 0.074 
La. 0.107 0.006 0.309 0.018 0.060 0.007 0.274 0.028 
209 
Table 41. Effect of fertilizer adjustment on western state 
non-irrigated crop yield trends 
State Non-irrigated Irrigated 
Ad]. Unadj. Ratio Adj. Unadj. Ratio 
trend trend adj. trend trend adj. 
unadj. unadj. 
Wheat 
N.Dak. 0.69 0.89 0.78 - - -
S.Dak. 0.63 0.66 0.95 0.63 0.66 0.95 
Nebr. 0.16 0.57 0.28 0.86 0.79 1.09 
Kan. 0.27 0.54 0.50 0.27 0.54 0.50 
Okla. 0.50 0.72 0.69 0.50 0.72 0.69 
Tex. 0.42 0.42 1.00 0.42 1.17 0.36 
Mont. 0.40 0.57 0.70 0.40 0.68 0.59 
Idaho 0.08 0.78 0.10 0.08 0.78 0.10 
V^o. 0.41 0.40 1.02 0.50 0.61 0.82 
Colo. 0.23 0.23 1.00 0.30 0.44 0.68 
N.Mex. 0.08 0.75 0.11 0.08 1.10 0.07 
Ariz. 0.00 0.54 0.00 0.30 1.68 0.18 
Utah 0.13 0.48 0.27 0.13 0.56 0.23 
Nev. - - - 0.96 1.69 0.57 
Wash. 0.06 0.67 0.09 0.86 2.12 0.41 
Ore. 0.10 0.48 0.21 0.21 1.29 0.16 
Calif. 0.39 0.57 0.68 0.46 0.82 0.56 
Com 
N.Dak. 1.58 1.58 1.00 - — -
S.Dak. 0.90 1.16 0.78 2.53 3.09 0.82 
Nebr, 0.79 1.81 0.44 0.96 2.87 0.33 
Kan. 0.33 2.03 0.16 0.95 3.45 0.28 
Okla. 0.04 1.99 0.02 0.04 1.99 0.02 
Tex. 1.09 1.32 0.83 1.86 2.48 0.75 
Mont. 1.02 2.79 0.37 1.02 2.79 0.37 
Idaho 0.00 1.48 0.00 0.00 1.52 0.00 
Wyo 0.14 0.77 0.18 0.14 1.76 0.08 
Colo. 0.52 0.54 0.96 1.73 2.43 0.71 
N.Mex. - - - 1.67 2.01 0.83 
Ariz. 0.11 0.15 0.73 0.12 0.97 0.12 
Utah - - - 1.36 2.29 0.59 
Nev. — - — 0.71 2.02 0.35 
Wash. 0.00 2.02 0.00 1.34 2.36 0.57 
Ore. 0.64 0.90 0.71 1.06 1.65 0.64 
Calif. 2.11 2.48 0.85 2.11 2.55 0.83 
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Table 41 (Continued) 
State Non-•irrigated Irrigated 
Ad j. Unaaj. Ratio Adj. Unadj. Ratio 
trend trend adj. trend trend adj. 
unadj. unadj 
Oats 
N.Dak. 1.38 1.41 0.98 — - -
S.Oak. 0.92 0.99 0.93 0.150 1.50 1.00 
Nebr. 0.54 0.96 0.56 0.73 1.26 0.58 
Kan. 0.06 0.80 0.07 0.06 0.80 0.07 
Okla. 0.43 0.94 0.46 - - -
Tex. 0.15 0.48 0.31 0.15 0.83 0.18 
Mont. 0.98 0.98 1.00 0.98 0.98 1.00 
Idaho 0.19 0.61 0.31 0.19 0.63 0.30 
Wyo. 0.00 0.41 0.00 0.00 0.89 0.00 
Colo. 0.19 0.33 0.58 0.19 0.65 0.29 
N.Mex. - - - 0.00 1.10 0.00 
Ariz. - - - - - -
Utah - - - 0.22 0.58 0.38 
Nev. - - - 0.00 0.41 0.00 
Wash. 0.00 0.31 0.00 0.00 0.63 0.00 
Ore. 0.44 0.43 1.02 0.88 1.45 0.61 
Calif. 0.55 1.15 0.48 0.55 1.60 0.34 
Barley 
N.Dak. 1.02 1.09 0.94 - - -
S.Dak. 1.19 1.19 1.00 1.69 1.69 1.00 
Nebr. 0.78 0.78 1.00 0.81 0.81 1.00 
Kan. 0.73 0.90 0.81 0.73 0.90 0.81 
Okla. 0.45 0.89 0.51 - ' - -
Tex. 0.00 0.65 0.00 0,00 0.81 0.00 
Mont. 0.73 0.73 1.00 0.73 1.02 0.72 
Idaho 0.13 0.83 0.16 0.13 0.99 0.13 
Wyo. 0.38 0.41 0.93 0.38 1.27 0.30 
Colo. 0.43 0.50 0.86 0.45 1.27 0.35 
N.Mex. 0.26 1.88 0.14 0.26 1.88 0.14 
Ariz. 0.26 0.26 1.00 0.29 1.43 0.20 
Utah 0.00 0.32 0.81 0.00 0.67 0.00 
Nev. 0.22 1.44 0.15 0.22 1.44 0.15 
Wash. 0.00 0.76 0.00 0.00 1.28 0.00 
Ore. 0.38 0.41 0.93 0.74 1.21 0.61 
Calif. 0.17 0.64 0.27 0.17 1.07 0.16 
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Table 41 (Continued) 
State Non-irrigated Irrigated 
Adj. Unadj. Ratio Adj. Unad]. Ratio 
trend trend adj. trend trend adj. 
unadj. unadj. 
Grain sorghum 
N.Dak. - - - - - -
S.Dak. 1.30 1.55 0.84 1.77 2.85 0.62 
Nebr. 0.17 2.48 0.07 0.25 3.00 0.08 
Kan. 0.64 1.61 0.40 0.64 1.98 0.32 
Okla. 0.34 1.39 0.24 1.59 3.66 0.43 
Tex. 0.75 1.19 0.63 0.75 1.85 0.41 
Mont. - - - - - -
Colo. 0.15 0.61 0.25 0.15 1.68 0.09 
N.Mex. 0.39 0.49 0.80 0.40 2.02 0.20 
Ariz. 0.00 2.31 0.00 0.00 2.31 0.00 
Utah - - - - - -
Nev. - - — - - -
Wash. - - — - - -
Ore. - - — - - -
Calif. 0.02 1.24 0.02 0.02 1.49 0.01 
Soybeans 
N.Dak. 0.25 0.28 0.89 — — — 
S.Dak. 0.37 0.38 0.97 — — -
Nebr. 0.25 0.27 0.93 — — — 
Kan. 0.54 0.54 1.00 — — — 
Okla. 0.20 0.41 0.49 - — — 
Tex. 0.18 0.49 0.37 — — — 
Mont. - - - - — -
Idaho - - - - - -
Wyo ,  - - - - - -
Colo. - - - - - -
N.Mex. - - - - - -
Ariz. - - - - — -
Utah - - - - -
Nev. - - - - - -
Wash. - - - - - -
Ore. - - - - - -
Calif. — - - - - -
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Table 41 (Continued) 
State Non-irrigated Irrigated 
Ad j . Unadj. Ratio Adj. Unadj. Ratio 
trend trend adj. trend trend adj. 
unadj. unadj 
Cotton 
N.Dak. — - — — — — 
S.Dak. - - - - - -
Nebr. - - - - - -
Kan. - - - - - -
Okla. 0.00 5.06 0.00 6.01 10.66 0.56 
Tex. 0.00 3.41 0.00 0.00 5.54 0.00 
Mont. - • - - - - -
Idaho - - - - - -
Wyo. - - - - - -
Colo. - - - - - -
N.Mex. - - - 2.86 10.70 0.27 
Ariz. - - - 13.45 14.01 0.96 
Utah - - - - - -
Nev. - - - — - — 
Wash. - - - - - -
Ore. - - - - - -
Calif. — — — 14.10 14.10 1.00 
Corn silage 
N.Dak. 0.09 0.10 0.90 — — — 
S.Dak. 0.07 0.09 0.78 0.33 0.41 0.80 
Nebr. 0.13 0.26 0.50 0.52 0.62 0.84 
Kan. 0.22 0.36 0.61 0.68 1.09 0.62 
Okla. 0.00 0.12 0.00 - - -
Tex, 0.45 0.59 0.76 0.45 0.59 0.76 
Mont. 0.08 0.23 0.35 0.08 0.23 0.35 
Idaho 0.04 0.33 0.12 0.04 0.33 0.12 
Wyo. 0.01 0.23 0.04 0.19 0.45 0.42 
Colo. 0.10 0.28 0.36 0.11 0.28 0.39 
N.Mex. - - - 0.00 0.40 0.00 
Ariz. - - - 0.36 0.60 0.60 
Utah - - - 0.00 0.30 0.00 
Nev. - - - 0.00 0.32 0.00 
Wash. 0.00 0.07 0.00 0.32 0.54 0.59 
Ore. 0.03 0.13 0.23 0.13 0.13 1.00 
Calif. 0.00 0.19 0.00 0.33 0.50 0.66 
Table 41 (Continued) 
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State Non-irrigated Irrigated 
Adj. Unadj. Ratio Adj. Unadj. Ratio 
trend trend adj. trend trend adj. 
unadj. unadj 
Tame hay 
N.Dak. 0.01 0.01 1.00 — — — 
S.Dak. 0.01 0.01 1.00 0.03 0.04 0.75 
Nebr. 0.02 0.02 1.00 0.02 0.06 0.33 
Kan. 0.04 0.04 1.00 0.09 0.15 0.60 
Okla. 0.00 0.04 0.00 0.07 0.20 0.35 
Tex. 0.02 0.04 0.50 0.13 0.15 0.87 
Mont. 0.03 0.03 1.00 0.05 0.05 1.00 
Idaho 0.04 0.04 1.00 0.05 0.05 1.00 
Wyo. 0.02 0.04 0.50 0.02 0.13 0.15 
Colo. 0.02 0.03 0.67 0.02 0.03 0.67 
N.Mex. 0.10 0.10 1.00 0.10 0.15 0.67 
Ariz. 0.08 0.13 0.62 0.08 0.18 0.44 
Utah 0.05 0.05 1.00 0.05 0.05 1.00 
Nev. 0.02 0.03 0.67 0.02 0.03 0.67 
Wash. 0.00 0.03 0.00 0.02 0.11 0.18 
Ore. 0.01 0.01 1.00 0.04 0.07 0.57 
Calif. 0.06 0.06 1.00 0.06 0.11 0.55 
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Table 42. Time trend analysis for irrigated and non-irrigated 
crop yields in the 17 western states after 
adjustment for fertilization 
State Non--irric rated Irrigated r2 
Inter­
cept 
1964 
Trenc I Pred. 
1980 
Inter­
cept 
1964 
• Trend Pred. 
1980 
Wheat 
(bus. ) 
N.Dak. 20.40 0.69 31.39 20.40 0.69 31.39 0.708 
S.Dak. 18.73 0.63 28.76 23.98 0.63 34.00 0.646 
Nebr. 21.61 0.16 24.14 21.61 0.86 35.29 0.334 
Kan. 21.52 0.27 25.91 28.67 0.27 33.07 0.546 
Okla. 21.41 0.50 29.37 21.41 0.50 29.37 0.467 
Tex. 16.28 0.42 22.99 16.28 0.42 22.99 0.701 
Mont. 22.39 0.40 28.74 29.93 0.40 36.28 0.892 
Idaho 31.48 0.08 32.82 35.07 0.08 36.41 0.734 
Wyo. 22.55 0.41 29.14 29.39 0.50 37.35 0.775 
Colo. 18.51 1.05 35.24 19.55 1.05 20.60 0.591 
N.Mex. 13.47 0.08 14.76 25.11 0.08 26.40 0.816 
Ariz. 14.87 0.00 14.87 32.20 0.30 36.94 0.909 
Utah 17.27 0.13 19.36 39.15 0.13 41.24 0.923 
Nev. 18.71 0.56 27.60 25.84 0.96 41.28 0.812 
Wash. 29.03 0.06 29.93 40.48 0.86 41.34 0.960 
Ore. 27.00 0.10 28.54 27.00 0.21 30.40 0.914 
Calif. 20.33 0.39 26.57 34.67 0.46 42.03 0.943 
Corn 
(bus. ) 
N.Dak. 37.43 1.58 62.68 37.43 1.58 62.68 0.765 
S.Dak. 35.97 0.90 50.40 61.14 2.53 101.62 0.917 
Nebr. 38.12 0.79 50.79 56.93 0.96 72.33 0.899 
Kan. 33.13 0.33 38.48 53.51 0.95 68.79 0.942 
Okla. 14.05 0.04 14.62 14.05 0.04 14.62 0.563 
Tex. 28.98 1.09 46.45 42.26 1.86 72.07 0.880 
Mont. 37.02 1.02 53.26 51.78 1.02 68.02 0.861 
Idaho 50.69 0.00 50.69 59.40 0.00 59.40 0.795 
Wyo. 21.34 0.14 23.53 44.77 0.14 46.96 0.867 
Colo. 18.39 0.52 26.70 66.91 1.73 94.59 0.980 
N.Mex. 14.43 0.26 18.52 41.76 1.67 68.46 0.925 
Ariz. 10.08 0.11 11.76 25.91 0.12 27.81 0.419 
Utah 57.77 1.36 79.46 57.77 1.36 79.46 0.828 
Nev. 47.44 0.58 56.76 49.19 0.71 60.50 0.761 
Wash. 44.18 0.00 44.18 69.84 1.34 91.21 0.855 
Ore. 36.97 0.64 47.22 66.82 1.06 83.83 0.878 
Calif. 69.98 2.IX 103.72 70.45 2.11 102.77 V , oto 
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Table 42 (Continued) 
State Non-irrigated Irriga.ted 
Inter­
cept 
1964 
Trend Pred. 
1980 
Inter­
cept 
1964 
• Trend Pred. 
1980 
Oats 
(bus. ) 
N.Dak. 39.77 1.38 61.76 39.77 1.38 61.76 0.626 
S.Dak. 36.32 0.92 51.04 45.85 1.52 70.10 0.633 
Nebr. 28.85 0.54 37.52 37.08 0.73 48.78 0.763 
Kan. 16.39 0.06 17.42 16.39 0.06 17.42 0.603 
Okla. 24.49 0.43 31.36 24.49 0.43 31.36 0.631 
Tex. 21.65 0.15 24.07 21.65 0.15 24.07 0.096 
Mont. 34.98 0.98 50.60 52.23 0.98 67.85 0.894 
Idaho 39.30 0.19 42.38 52.78 0.19 55.86 0.747 
Wyo. 24.51 0.00 24.51 33.39 0.00 33.39 0.859 
Colo. 23.08 0.19 26.15 39.70 0.19 42.78 0.920 
N.Mex. - - - - — - -
Ariz. - — - — - - — 
Utah 36.43 0.00 36.43 46.13 0.22 49.62 0.659 
Nev. 22.54 0.00 22.54 29.05 0.00 29.05 0.803 
Wash. 39.09 0.00 39.09 48.67 0.00 48.67 0.722 
Ore. 33.91 0.44 40.97 44.51 0.88 58.67 0.728 
Calif. 31.72 0.55 40.53 35.73 0.55 44.54 0.903 
Barley 
(bus. ) 
N.Dak. 29.99 1.02 46.32 29.99 1.02 46.32 0.666 
S.Dak. 29.55 1.19 48.59 40.12 1.69 67.12 0.747 
Nebr. 26.18 0.78 38.65 37.03 0.81 49.97 0.779 
Kan. 25.60 0.73 37.26 29.59 0.73 41.24 0.602 
Okla. 23.33 0.45 30.49 30.23 0.45 37.39 0.603 
Tex. 16.50 0.00 16.50 12.90 0.00 12.90 0.540 
Mont. 32.24 0.73 43.85 38.63 0.73 50.31 0.807 
Idaho 27.82 0.13 29.90 36.62 0.13 38.70 0.818 
Wyo. 25.66 0.38 31.79 39.70 0.38 45.83 0.915 
Colo. 23.30 0.43 30.24 38.98 0.45 46.26 0.902 
N.Mex. 27.10 0.26 31.22 27.10 0.26 31.22 0.803 
Ariz. 39.71 0.26 44.36 45.20 0.29 49.85 0.850 
Utah 30.62 0.00 30.62 44,13 0.00 44.13 0.756 
Nev. 16.30 0.22 19.79 33.73 0.22 37.22 0.821 
Wash. 35.54 0.00 35.54 8.64 0.00 8.64 0.600 
Ore. 33.76 0.38 39.79 38.74 0.74 50.63 0.839 
Calif. 31.38 0.17 34.07 43.56 0.17 46.24 0.947 
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Table 42 (Continued) 
State Non-irrigated Irrigated 
Inter- Trend Pred. Inter- Trend Pred. 
cept 19 80 cept 1980 
1964 1964 
Grain sorghum 
(bus.) 
N.Dak. - - - - - - -
S.Dak. 33.15 1.30 53.98 54.62 1.77 82.86 0 .733 
Nebr. 33.73 0.17 36.45 37.98 0.25 42.00 0 .857 
Kan. 32.52 0.64 42.70 54.60 0.64 64.79 0 .890 
Okla. 21.23 0.34 26.71 49.02 1.59 74.52 0 .946 
Tex. 26.74 0.75 38.81 56.21 0.75 68.28 0 .917 
Mont. - - - - — — — 
Idaho - - - - - — — 
Wyo. - - — - - -
Colo. 16.96 0.15 19.36 39.49 0.15 41.89 0 .949 
N.Mex. 18.64 0.39 24.94 43.48 0.40 49.95 0 .926 
Ariz. 39.75 0.00 39.75 38.90 0.00 38.90 0 .806 
Utah - - - — - — — 
Nev. - — - — — — 
Wash. - - - — - - — 
Ore. - - - — - — — 
Calif. 45.46 0.02 45.77 46.45 0.02 46.76 0 .802 
Soybeans 
(bus. ) 
N.Dak. 16.13 0.25 20.15 16.13 0.25 20.15 0 .271 
S.Dak. 17.95 0.37 23.82 17.95 0.37 23.82 0 .346 
Nebr. 24.69 0.25 28.66 30.41 0.25 34.39 0 .542 
Kern. 20.62 0.54 29.19 20.62 0.54 29.19 0 .414 
Okla. 14.46 0.20 17.67 14.46 0.20 17.67 0 .250 
Tex. 23.55 0.18 26.43 23.55 0.18 26.43 Q .424 
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Table 42 (Continued) 
State Non-irrigated Crrigat ed 
Inter­
cept 
1964 
Trend Pred. 
1980 
Inter­
cept 
1964 
Trend Pred. 
1980 
Cotton 
(lbs. ) 
N.Dak. - - - - - - -
S.Dak. - - - - - - -
Nebr. - - - - - - -
Kan. - - - - - - -
Okla. 227.02 0.00 227.02 488.60 6.01 584.82 0 .746 
Tex. 108.78 0.00 198.78 386.01 0.00 386.01 0 .800 
Mont. - - - - - - -
Idaho - - - - - - — 
Wyo. - - - - - - -
Colo. - - - wm - - -
N.Mex. - - 656.99 2.86 702.83 0 .536 
Ariz. • — - - 994.12 13.45 1209.30 0 .670 
Utah - - - - - - -
Nev. - - - - - — — 
Wash. - - - - — — -
Ore. — - - - — — -
Calif. — — — — — — -
Corn silage 
(tons) 
N.Dak. 4.57 0.09 6.02 4.57 0.09 6.02 0 .442 
S.Dak. 5.70 0.07 6.80 10.16 0.33 15.39 0 .893 
Nebr. 7.73 0.13 9.87 8.11 0.52 16.43 0 .867 
Kan. 8.02 0.22 11.49 10.88 0.68 21.70 0 .925 
Okla. 9.07 0.00 9.07 18.33 0.05 19.04 0 .868 
Tex. 10.62 0.45 17.81 10.62 0.45 17.81 0 .907 
Mont. 6.08 0.08 7.30 11.49 0.08 12.71 0 .918 
Idaho 12.98 0.04 13.64 12.98 0.04 13.64 0 .746 
wy-o. 8.21 0.00 8.30 8.21 0.19 11.20 0 .864 
Colo. 7.54 0.10 9.11 12.12 0.11 13.89 0 .944 
N.Mex. 10.16 0.00 10.16 13.80 0.00 13.80 0 .891 
Ariz. 12.56 0.36 18.35 12.56 0.36 18.35 0 .815 
Utah 5.12 0.00 5.12 12.87 0.00 12.87 0 .783 
Nev. 14.41 0.00 14.41 11.74 0.00 11.74 0 .829 
Wash. 11.22 0.00 11.22 11.22 0.32 16.34 0 .925 
Ore. 8.38 0.03 8.83 13.65 0.24 17.46 0 .936 
Calif. 11.93 0.00 11.93 11.93 0.33 17.19 0 .858 
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Table 43. Regression estimates of the proportion of non-
irrigated and the proportion of the irrigated 
acreage receiving fertilizer 
2 State Non- irrigated Irrigated R F 
Const. Trend Trend Const. Trend Trend value 
1964 1960 1964 1960 
Wheat 
N.Dak. 0.55 0.04 0.00 0.55 0.04 0.00 0.966 538 
S.Dak. 0.03 0.00 0.02 0.04 0.00 0.02 0.802 43 
Nebr. 0.29 0.02 0.00 0.94 0.00 0.00 0.982 374 
Kan. 0.32 0.01 0.02 0.40 0.01 0.02 0.938 101 
Okla. 0.34 0.02 0.02 0.89 0.02 0.02 0.958 153 
Tex. 0.17 0.01 0.00 0.85 0.07 0.00 0.925 83 
Mont. 0.29 0.02 0.00 0.62 0.02 0.00 0.838 54 
Idaho 0.35 0.02 0.00 0.59 0.02 0.00 0.932 145 
Wyo. 0.00 0.00 0.00 0.29 0.00 0.00 0.861 137 
Colo. 0.05 0.00 0.00 0.42 0.00 0.00 0.799 42 
N.Mex. 0.01 0.00 0.05 0.55 0.05 0.05 0.997 2540 
Ariz. 0.43 0.06 0.03 0.81 0.06 0.03 0.886 52 
Utah 0.10 0.01 0.00 0.27 0.01 0.00 0.822 48 
Nev. 0.41 0.02 0.00 0.69 0.02 0.00 0.581 15 
Wash. 0.89 0.05 -0.02 1.03 0.03 -0.02 0.891 39 
Ore. 0.85 0.05 -0.04 1.06 0.05 -0.04 0.821 31 
Calif. 0.45 0.03 0.00 0.88 0.03 0.00 0.993 1484 
Corn 
N.Dak. 0.24 0.00 0.00 0.24 0.00 0.00 0.033 1 
S.Dak « 0.08 0.00 0.04 0.78 tO . 02 0.04 0.989 618 
Nebr. 0.41 0.03 0.02 0.90 0.03 0.02 0.987 507 
Kan. 0.53 0.03 0.03 0.77 0.03 0.03 0.953 136 
Okla. 0.62 0.02 0.00 0.62 0.02 0.00 0.364 11 
Tex. 0.33 0.01 0.04 0.75 0.01 0.04 0.922 79 
Mont. 0.16 0.01 0.06 0.25 0.01 0.06 0.972 200 
Idaho 0.93 0.06 0.00 0.93 0.03 0.00 0.928 135 
Wyo. 0.20 0.02 0.00 0.68 0.02 0.00 0.861 65 
Colo. 0.31 0.02 0.00 0.64 0.02 0.00 0.967 309 
N.Mex. 0.05 0.00 0.00 0.48 0.04 0.00 0.981 550 
Ariz. 0.30 0.00 0.00 0.48 0.01 0.00 0.162 2 
Utah 0.27 0.05 0.02 0.58 0.03 0.02 0.930 63 
Nev, 1.35 0.11 -0.10 1.35 0.11 -0.10 0.884 69 
Wash. 0.54 0.00 0.00 0.99 0.03 0.00 0.704 25 
Ore. 0.98 0.03 0.00 0.98 0.03 0.00 0.837 113 
Calif. 0.40 0.02 0.00 0.98 0.02 0.00 0.911 108 
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Table 43 (Continued) 
2 State Non-irrigated Irrigated R F 
Const. Trend Trend Const. Trend Trend value 
1964 1960 1964 1960 
Oats 
N.Dak. 0.21 0.01 0.00 0.21 0.01 0.00 0.884 145 
S • Dale. 0.13 0.01 0.00 0.13 0.01 0.00 0.891 180 
Nebr. 0.22 0.01 0.00 0.61 0.01 0.00 0.830 51 
Kan. 0.50 0.01 0.00 0.50 0.01 0.00 0.425 14 
Ok la. 0.50 0.03 0.00 0.50 0.03 0.00 0.951 370 
Tex. 0.26 0.02 0.00 0.70 0.02 0.00 0.981 551 
Mont. 0.02 0.00 0.00 0.13 0.00 0.00 0.857 132 
Idaho 0.35 0.02 0.00 0.35 0.02 0.00 0.945 376 
Wyo. - - - - - - - -
Colo. 0.03 0.00 0.00 0.14 0.02 0.00 0.768 35 
N.Mex. - - - - - - - -
Ariz. - - - - - - - -
Utah 0.01 0.00 0.00 0.08 0.00 0.00 0.725 28 
Nev. 0.54 0.00 0.00 0.54 0.03 0.00 0.530 23 
Wash. 0.51 0.02 0.05 0.51 0.02 0.05 0.911 68 
Ore. 0.49 0.01 0.00 0.55 0.01 0.00 0.365 6 
Calif. 0.75 0.05 -0.03 1.00 0.05 -0.03 0.998 3329 
Barley 
N.Dak. 0.62 0.04 -0.04 0.62 0.04 -0.04 0.990 896 
S.Dak. 0.09 0.01 0.00 0.12 0.01 0.00 0.971 348 
Nebr. 0.24 0.02 0.00 0.57 0.02 0.00 0.962 267 
Kan. 0.32 0.01 0.00 0.32 0.01 0.00 0.484 19 
Okla. 0.14 0.01 0.05 0.14 0.01 0.05 0.991 1022 
Tex. 0.10 0.01 0.03 0.33 0.03 0.03 0.987 352 
Mont. 0.16 0.01 0.00 0.28 0.01 0.00 0.956 226 
Idaho 0.41 0.03 0.00 0.60 0.03 0.00 0.916 114 
Wyo. - - - - - - - -
Colo. 0.01 0.00 0.00 0.32 0.02 0.00 0.914 112 
N.Mex. 0.56 0.06 0.00 0.81 0.06 0.00 0.925 130 
Ariz. 0.73 0.03 0.00 1.01 0.03 0.00 0.618 16 
Utah 0.01 0.00 0.00 0.30 0.02 0.00 0.944 176 
Nev. 0.54 0.04 0.00 0.54 0.04 0.00 0.771 74 
Wash. 0.70 0.04 -0.02 0.93 0.04 -0.02 0.962 168 
Ore. 0.49 0.01 0.00 0.63 0.03 0.00 0.428 5 
Calif. 0.50 0.04 0.00 1.05 0.04 0.00 0.986 729 
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Table 43 (Continued) 
2 State Non-irrigated Irrigated R F 
Const. Trend Trend Const. Trend Trend value 
1964 1960 1964 1960 
Grain sorghum 
N.Dak. - - - - - - - — 
S.Dak. 0.07 0.01 0.00 0.08 0.01 0.00 0.930 127 
Nebr. 0.28 0.02 0.05 0.91 0.02 0.05 0.983 379 
Kan. 0.24 0.02 0.04 0.56 0.02 0.04 0.865 43 
Okla. 0.14 0.01 0.05 0.43 0.01 0.05 0.997 2437 
Tex. 0.21 0.02 0.00 0.88 0.05 . 0.00 0.984 403 
Mont. - - - - - - - -
Idaho - - - - - - - -
Wyo. - - - - - - - -
Colo. 0.05 0.00 0.00 0.44 0.03 0.00 0.910 67 
N.Mex. 0.10 0.01 0.00 0.73 0.06 0.00 0.992 782 
Ariz. 0.56 0.03 0.00 0.97 0.03 0.00 0.732 27 
Utah - - - - - - - -
Nev. - • - - - - - - -
Wash. - - - - - - - -
Ore. - - - - - - -
Calif. 0.38 0.03 0.00 0.93 0.03 0.00 0.971 356 
Soybeans 
N.Dak. 0.09 0.01 0.00 0.09 0.01 0.00 0.847 105 
S.Dak. 0.07 0.00 0.00 0.07 0.00 0.00 0.505 19 
Nebr. 0.16 0.01 0.00 0.42 0.01 0.00 0.800 40 
Kan. 0.12 0.01 0.00 0.12 0.01 0.00 0.602 29 
Okla. 0.47 0.01 0.00 0.47 0.01 0.00 0.256 7 
Tex, - - - - - - -
Mont. - - - - - - - -
Idaho - - - - - - - -
Wyo. - - - - - - - -
Colo. - - - - - - - -
N.Mex. - - - - - - - -
Ariz. - - - - — - - — 
Utah - - - - - - - -
Nev. - - - - - - - — 
Wash. - - - - - - — — 
Ore. - - - - - - — — 
Calif. - — — — — — — — 
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Table 43 (Continued) 
State Non-•irrigated Irrigated R 2 F 
valut Const. 
1964 
Trend Trend 
1960 
Const. 
1964 
Trend Trend 
1960 
Cotton 
N.Dak. - - — — — — - — 
S•Dak* - - - - - - - -
Nebr. - - - - - - - -
Kan. - - - - - - - -
Okla, 0.21 0.00 0.03 0.79 0.00 0.03 0 .965 287 
Tex. 0.21 0.02 0.00 0.75 0.02 0.00 0 .893 88 
Mont. - - - - - - - -
Idaho - - - - - - - -
Wyo. - - - - - - - — 
Colo. - - - - - - — — 
N.Hex. - - - 0.71 0.02 0.00 0 .648 18 
Ariz. - - - 0.95 0.01 0.00 0 .983 595 
Utah - - - - - - - -
Nev. - - - - - - - -
Wash. - - - - - - - -
Ore. - - - - - - - -
Calif. 0.90 0.01 0.00 0.90 0.01 0.00 0 .280 7 
Corn silage 
N.Dak. 0.24 0.00 0.00 0.24 0.00 0.00 0 .024 0 
S.Dak. 0.11 0.01 0.03 0.11 0.01 0.03 0 .944 151 
Nebr. 0.49 0.04 0.00 1.01 0.02 0.00 0 .975 263 
Kan. 0.53 0.03 0.04 0.76 0.03 0.04 0 .971 222 
Okla. 0. 38 0.00 0.02 0.87 0.00 0.02 0 .952 189 
Tex. 0.32 0.01 0.04 0.71 0.01 0.04 0 .976 258 
Mont. 0.17 0.01 0.00 0,62 0.04 0.00 0 .964 177 
Idaho 0.76 0.08 0.00 0.9f 0.03 0.00 0 .894 56 
Wyo. 0.08 0.01 0.00 0.59 0.01 0.00 0 .894 84 
Colo. 0.33 0.02 0.00 0.67 0.02 0.00 0 .974 396 
N.Mex. 0.12 0.01 0.00 0.54 0.04 0.00 0 .946 116 
Ariz. 0.20 0.00 0.00 0.72 0.00 0.00 0 .800 42 
Utah 0.08 0.00 0.00 0.61 0.03 0.00 0 .966 286 
Nev. 0.36 0.00 0.00 0.80 0.05 0.00 0 .762 30 
Wash. 0.57 0.02 0.00 0.97 0.02 0.00 0 .748 31 
Ore. 0.98 0.04 0.00 0.98 0.02 0.00 0 .875 74 
Calif. 0.14 0.00 0.00 0.96 0.02 0.00 0 .920 121 
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Table 43 (Continued) 
State Non- irrigated Irrigated F 
Const. Trend Trend Const. Trend Trend value 
1964 1960 1964 1960 
Tame hay 
N.Dak. 0.25 0.25 0.25 0.25 0.25 0.25 0.251 0 
S.Dak. 0.05 0.00 0.00 0.17 0.00 0.00 0.907 103 
Nebr. 0.03 0.00 0.00 0.41 0.03 0.00 0.782 24 
Kan. 0.12 0.00 0.00 0.22 0.00 0.00 0.242 3 
Okla. 0.13 0.00 0.01 0.96 0.00 0.01 0.974 396 
Tex. 0.14 0.00 0.01 0.76 0.00 0.01 0.884 80 
Mont. 0.08 0.00 0.00 0.08 0.00 0.00 0.925 272 
Idaho 0.06 0.00 0.00 0.27 0.00 0.00 0.890 179 
Wyo. 0.01 0.00 0.00 0.13 0.00 0.00 0.821 101 
Colo. 0.04 0.00 0.00 0.14 0.00 0.00 0.436 17 
N.Mex. 0.25 0.00 0.07 0.34 -0.05 0.07 0.724 17 
Ariz. 0.30 0.03 0.00 0.59 0.03 0.00 0.824 49 
Utah 0.02 0.00 0.00 0.25 0.01 0.00 0.833 52 
Nev. 0.05 .0.01 0.00 0.18 0.01 0.00 0.838 54 
Wash. 0.09 0.00 0.00 0.54 0.00 0.00 0.971 354 
Ore. 0.17 0.01 0.00 0.33 0.01 0.00 0.852 60 
Calif. 0.02 0.00 0.04 0.40 0.00 0.04 0.949 194 
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Table 44. Reduced form regression coefficients used to allocate fertilizer 
between irrigated and non-irrigated crop areas 
State Const. Proportion Interaction Dummy time Dumny inter­ F 
fertilized proportion trend phos­ cept for value 
area fertilized phorous and phosphorous 
irrigated area irri­ potassium and 
gated X time potassium 
Wheat 
N.Dak. -0.64 0.39 -0.49 0.39 0.57 0.86 43.4 
S.Dak. —0.84 0.00 2.35 0.00 2.02 0.72 23.5 
Nebr. -3.90 0.99 -1.51 0.99 0.76 0.50 8.0 
Kan. -4.43 1.23 —1.86 1.23 2.86 0.88 57.1 
Okla. -2.38 1.04 0.49 1.44 2.95 0.93 79.9 
Tex. 5.10 0.00 5.10 7.63 1.00 0.36 7.9 
Mont. -0.83 0.09 — . 82 2.11 1.08 0.79 29.2 
Idaho -5.90 0.00 - .26 6.02 3.03 0.83 32.9 
Wyo. 1.99 1.40 1.99 5.96 2.39 0.88 72.9 
Colo. -1.16 2.48 -1.16 10.39 0.84 0.94 87.5 
N.Mex. 18.18 1.80 18.18 5.36 -1.11 0.56 8.3 
Ariz. 1.30 0.00 1.30 3.76 3.37 0.86 63.6 
Utah 6.35 0.00 6.35 3.27 3.97 0.64 24.5 
Nev. 11.64 0.00 11.64 0.00 6.77 0.79 44.8 
Wash. -8.99 1.10 -0.05 11.08 3.51 0.86 27.6 
Ore. -7.41 0.42 -3.62 3.19 0.00 0.48 5.7 
Calif. -4.00 0.75 4.27 0.75 0.51 0.26 2.6 
Com 
N.Dak. -0.92 1.28 -0.77 1.28 0.60 0.92 80.3 
S.Dak. -4.27 1.43 .77 1.43 0.53 0.63 13.4 
Nebr. 0.45 2.80 1.26 5.99 1.66 0.83 30.8 
Kan. -3.44 1.62 5.73 1.62 6.38 0.93 97.8 
Okla. -2.82 1.34 2.23 1.34 2.62 0.92 82.9 
Tex. 4.60 0.00 36.95 0.00 1.37 0.33 5.0 
Mont. 2.35 0.00 2.35 1.41 8.56 0.94 142.0 
Idaho -8.36 6.36 -8.36 6.37 3.48 0.94 109.1 
Wyo. 6.93 1.33 6.93 12.41 2.13 0.86 60.8 
Colo. 1.07 2.77 1.07 6.43 -1.96 0.78 27.8 
N.Mex. 17.73 0.00 17.73 2.59 -1.90 0.24 3.0 
Ariz. 9.08 2.96 9.08 7.16 7.26 0.97 272.9 
Utah 15.26 0.00 15.26 0.00 8.10 0.46 22.5 
Nev. 29.05 3.26 29.05 3.26 5.53 0.75 20.6 
Wash. -1.87 2.61 9.05 11.67 -4.94 0.76 21.1 
Ore. -0.94 3.38 -0.94 8.24 -8.98 0.70 17.3 
Calif. -9.55 5.47 -9.55 5.47 -5.30 0.59 13.7 
Table 44 (Ccntinued) 
State Const. Proportion Interaction Dumny time Dummy inter­ F 
fertilized proportion trend phos­ cept for value 
area fertilized phorous and phosphorous 
irrigated area irri­ potassium and 
gated x time potassium 
Oats 
N.Dak. -0.14 0.56 -0.14 0.56 0.78 0.91 99.8 
S.Dak. -0.49 0.00 2.29 0.00 2.29 0.61 15.4 
Nebr. -0.82 2.14 0.91 2.14 0.78 0.82 32.0 
Kan. -0.96 1.12 0.00 0.00 0.81 0.89 74.9 
Okla. 0.86 0.47 0.00 0.00 2.90 0.96 306.0 
Tex. -2.54 0.00 0.32 5.62 1.39 0.49 7.7 
Mont. 2.51 0.00 2.51 0.00 0.96 0.54 16.6 
Idaho -0.84 1.51 -0.11 3.39 0.53 0.88 46.3 
Wyo. 10.81 0.30 10.81 9.59 5.42 0.78 34.6 
Colo. 35.19 0.00 35.19 0.00 8.58 0.64 31.3 
N.Mex. - — - - - - -
Ariz. - - - — - - • — 
Utah 16.15 0.00 16.15 0.00 3.18 0.52 14.3 
Nev. 10.67 5.89 10.67 6.85 2.06 0.80 19.7 
Wash. -0.90 0.00 6.05 0.00 0.82 0.14 1.6 
Ore. 10.71 0.00 10.71 0.00 -2.56 0.25 4.0 
Calif. 6.59 0.00 6.59 3.39 0.85 0.37 7.6 
Barley 
N.Dak. -0.24 1.18 -0.24 1.18 -0.49 0.81 37.2 
S.Dak. 0.71 0.23 1.25 0.23 2.39 0.72 20.1 
Nebr. 1.08 2.75 1.08 2.75 -2.50 0.58 12.1 
Kan. -1.10 1.21 —0.68 1.21 -0.43 0.82 34.4 
Okla. 1.91 0.81 0.00 0.00 2.82 0.95 170.9 
Tex. 11.27 0.00 11.27 4.36 1,81 0.51 10.0 
Mont. -0.71 0.02 -0.71 2.06 1.97 0.92 91.7 
Idaho -1.57 1.19 -0.23 4.58 1.06 0.88 43.5 
wyo. 2.27 0.47 2.27 7.77 6.75 0.95 101.0 
Colo. 6.33 0.00 6.33 4.50 1.21 0.61 20.3 
N.Mex. 14.49 0.00 14.49 3.43 0.49 0.42 6.0 
Ariz. 8.47 0.00 8.47 0.00 6.33 0.86 75.8 
Utah 24.21 0.00 24.20 0.00 6.99 0.45 25.2 
Nev. 0.68 4.95 1.75 4.95 -1.57 0.79 24.9 
Wash. -2.48 2.29 -0.28 5.95 -1.49 0.64 8.9 
Ore. 2.88 0.00 4.61 0.00 -1.03 0.18 2.0 
Calif. 8.28 0.00 8.28 4.04 0.42 0.68 19.9 
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Table 44 (Continued) 
State Const. Proportion Interaction Dummy time Dummy inter­-R: F 
fertilized proportion trend phos­ cept for value 
area fertilized phorous and phosphorous 
irrigated area irri­ potassium and 
gated X time potassium 
Grain sorghum 
N.Dak. - - - - - - -
S.Dak. -2.78 3.48 0.00 0.00 -0.99 0.91 60.0 
Nebr. 2.46 4.03 2.46 7.15 0.89 0.89 55.8 
Kan. -0.70 3.25 -0.51 5.65 1.73 0.93 85.5 
Okla. 0.33 1.27 0.33 1.58 0.80 0.94 103.6 
Tex. 13.19 3.56 13.19 5.53 -1.02 0.71 19.3 
Mont. - - - - - - -
Idaho - - — - - - -
Wyo. - - - - - - -
Colo. 2.80 5.86 2.80 5.85 0.00 0.96 171.9 
N.Mex. 22.58 2.30 22.58 2.30 -2.51 0.12 .7 
Ariz. 1.88 4.05 1.87 4.04 7.82 0.96 240.6 
Utah - - - - - - -
Nev. - - - - - - -
Wash. - - - - - - -
Ore. — - - - - - -
Calif. -6.41 7.99 3.71 12.72 -4.67 0.92 67.1 
Soybean 
N.Dak. -1.10 0.00 0.00 0.00 0.00 0.81 82.1 
S.Dak. 0.89 0.00 0.90 0.00 0.24 0.65 24.3 
Nebr. -0.97 3.52 0.02 23.62 -7.41 0.88 50.9 
Kan. -0.30 0.00 0.00 0.00 0.88 0.61 17.8 
Okla. -0.20 0.33 0.00 0.00 0.00 0.32 4.7 
Tex. 0.10 1.17 0.64 1.17 1.00 0.93 60.7 
Mont. — — — — — — — 
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Table 44 (Continued) 
State Const. Proportion Interaction Dummy time Dummy inter­.R2 F 
fertilized proportion trend phos­ cept for value 
area fertilized phorous and phosphorous 
irrigated area irri­ potassium and 
gated X time potass ium 
Cotton 
N.Dak. - - - - - - -
S. Dak. - - - - - - -
Nebr. - - - - - - -
Kan. - - - - - - -
Okla. -0.35 0.56 1.09 1.73 2.58 0.97 181.7 
Tex. 11.19 2.64 11.19 4.82 1.25 0.81 34.8 
Mont. - - - - - - -
Idaho - - - - - - -
Wyo. - - - - - - -
Colo. - - - - - - -
N.Mex. 22.49 0.00 22.49 1.58 -2.97 0.17 1.8 
Ariz. 7.79 2.16 7.79 2.16 9.60 0.91 94.0 
Utah - - - • — - - -
Nev. - - - - - - -
Wash. - - - - - - -
Ore. - - - - - - -
Calif. 8.94 4.61 8.94 4.61 -0.43 0.89 69.2 
Com silage 
N.Dak. -0.76 0.77 -0.76 0.77 1.15 0.88 99.0 
S.Dak. -2.58 0.96 -1.76 0.96 1.05 0.66 14.8 
Nebr. 5.43 0.08 6.91 0.08 6.45 0.80 30.5 
Kan. -1.82 1.24 2.94 1.24 6.51 0.95 164.6 
Okla. -1.78 1.19 1.69 2.20 2.42 0.91 61.8 
Tex. 17.38 0.00 54.17 0.00 1.57 0.45 8.2 
Mont. -3.79 0.00 -1.31 1.32 5.74 0.91 68.5 
Idaho 7.46 0.00 7.46 2.22 11.11 0.95 204.0 
Wyo. -17.50 2.38 -6.56 7.77 2.18 0.86 27.2 
Colo. 2.31 2.54 2.31 3.93 0.94 0.85 43.8 
N.Mex. 26.89 0.00 26.89 5.47 -3.95 0.69 20.2 
Ariz. 4.20 1.52 4.20 4.47 10.64 0.98 487.8 
Utah 9.15 0.00 35.86 0.00 8.93 0.79 51.4 
Nev. 7.98 13.93 9.59 13.93 -9.49 0.78 19.0 
Wash. 0.60 1.28 9.60 7.99 -3.69 0.76 20.5 
Ore. -11.16 3.67 1.25 3.67 -9.29 0.35 4.2 
Calif. 2.13 1.11 2.13 3.10 -2.80 0.23 2.3 
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Table 44 (Continued) 
State Const. Proportion Interaction Dumny time Dummy inter­. R 2 F 
fertilized proportion trend phos­ cept for value 
area fertilized phorous and phosphorous 
irrigated area irri­
gated X time 
potassium and 
potassium 
Hay 
N.Oak. -0.58 0.70 -0.58 0.70 1.59 0.85 46.0 
S.Dak. 1.23 0.13 1.23 0.13 2.68 0.64 18.2 
Nebr. 0.71 3.74 0.71 3.74 0.79 0.89 109.2 
Kan. -2.34 2.84 -2.32 6.32 -3.90 0.69 13.8 
Okla. -2.37 0.30 2.74 1.17 1.76 0.79 27.6 
Tex. —4.06 2.89 0.42 11.11 -0.65 0.77 21.9 
Mont. 0.13 1.07 0.94 1.07 -3.07 0.80 31.9 
Idaho -0.20 0.65 -0.20 0.66 1.43 0.76 31.8 
Wyo. -1.72 0.00 3.71 1.13 5.41 0.88 53.9 
Colo. -4.40 2.28 9.85 2.28 -1.94 0.51 7.3 
N.Mex. -11.14 0.00 9.54 4.71 -1.00 0.38 4.2 
Ariz. 10.74 1.41 10.74 7.31 2.26 0.91 64.4 
Utah -1.55 0.00 14.05 0.00 4.21 0.62 14.9 
Nev. -14.82 2.65 18.65 2.65 1.18 0.60 10.9 
Wash. -5.26 0.87 3.33 0.86 0.20 0.61 12.3 
Ore. -1.14 6.68 1.49 6.68 -11.50 0.82 36.4 
Calif. -7.58 0.00 -7.58 22.77 -25.62 0.26 3.3 
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Table 45. Regression coefficients for actual to optimal rates 
of fertilizer application in 17 western states 
State Non-irrigated Irrigated 
r2 Inter­
cept 
1964 
Trend Pred. 
1980 
Inter 
cept 
1964 
Trend Pred. 
1980 
Wheat 
N.Dak. 0.68 0.05 1.42 - - - 0.868 
S.Dak. 0.44 0.03 0.94 0.60 0.04 1.18 0.697 
Nebr. 0.91 0.04 1.47 1.19 0.04 1.75 0.468 
Kan. 1.57 0.11 3.25 1.57 0.11 3.25 0.569 
Okla. 1.53 0.11 3.28 1.53 0.11 3.28 0.706 
Tex. 1.01 0.00 1.01 1.01 0.05 1.75 0.222 
Mont. 0.56 0.04 1.15 1.95 0.16 4.57 0.808 
Idaho 1.10 0.05 1.82 1.10 0.08 2.43 0.642 
Wyo. 0.94 0.07 2.02 0.94 0.07 2.02 0.860 
Colo. 1.27 0.11 3.00 1.27 0.11 3.00 0.835 
N.Mex. 1.00 0.05 1.77 1.25 0.07 2.37 0.530 
Ariz. 0.45 0.01 0.61 0.84 0.04 1.49 0.793 
Utah 0.36 0.02 0.61 0.36 0.02 0.61 0.238 
Nev. 0.37 0.02 0.68 0.75 0.02 1.06 0.510 
Wash. 1.22 0.07 2.29 1.22 0.09 2.72 0.774 
Ore. 0.41 0.00 0.47 0.77 0.03 1.27 0.784 
Calif. 0.85 0.01 1.07 0.85 0.01 1.07 0.179 
Corn 
N.Dak. 0.46 0.03 1.01 - - - 0.892 
S.Dak. 0.27 0.01 0.48 0.36 0.01 0.56 0.616 
Nebr. 0.39 0.02 0.69 0.80 0.05 1.56 0.881 
Kan. 0.13 0.01 0.26 0.13 0.01 0.26 0.779 
Okla. 0.13 0.01 0.26 - - - 0.916 
Tex. 1.09 0.00 1.09 1.22 0.00 1.22 0.026 
Mont. 0.54 0.05 1.32 - - - 0.773 
Idaho - - - - - - -
Wyo. 0.50 0.03 1.04 0.72 0.06 1.68 0.890 
Colo. 0.53 0.01 0.76 0.76 0.03 1.29 0.799 
N.Mex. 0.18 0.00 0.18 0.49 0.00 0.49 0.265 
Ariz. 1.01 0.07 2.07 1.01 0.07 2.07 0.632 
Utah - - - - - - -
Nev. 0.78 0.04 1.39 0.78 0.04 1.39 0.418 
Wash. 0.74 0.00 0.74 1.09 0.05 1.85 0.470 
Ore. 0,16 0.00 0.16 0.81 0.01 1.03 0.831 
Calif. 1.08 0.03 1.56 1.13 0.03 1.61 0.393 
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Table 45 (Continued) 
State Non-•irrigated Irrigated 
R2 Inter-
cept 
1964 
Trend Pred. 
1980 
Inter 
cept 
1964 
- Trend Pred. 
1980 
Oats 
N.Dak. 0.65 0.05 1.42 - - - 0.909 
S.Dak. 0.50 0.03 0.98 0.65 0.03 1.13 0.560 
Nebr. 0.69 0.04 1.33 0.79 0.04 1.47 0.846 
Kan. 0.75 0.04 1.35 - - - 0.901 
Okla. 0.71 0.04 1.37 - - - 0.804 
Tex. 1.09 0.00 1.09 1.57 0.12 3.41 0.701 
Mont. 0.53 0.02 0.77 1.00 0.02 1.24 0.605 
Idaho 0.91 0.04 1.48 1.15 0.06 2.12 0.834 
Wyo. 0.75 0.06 1.75 0.75 0.06 1.75 0.753 
Colo. 0.97 0.04 1.65 0.97 0.04 1.65 0.323 
N.Mex. - - - - - - -
Ariz. - - - - - - -
Utah 0.70 0.02 1.02 0.70 0.02 1.02 0.128 
Nev. - - - - - - -
Wash. 0.89 0.00 0.95 0.93 0.00 1.00 0.016 
Ore. 0.69 0.00 0.69 1.48 0.00 1.48 0.368 
Calif. 0.55 0.00 0.55 1.35 0.05 2.21 0.734 
Barley 
N.Dak. 0.60 0.04 1.18 , - - — 0.907 
S. Dak. 0.69 0.05 1.51 0.79 0.05 1.61 0.702 
Nebr. 1.06 0.05 1.78 1.06 0.05 1.78 0.491 
Kan. 0.42 0.01 0.58 - - - 0.675 
Okla. 0.68 0.05 1.43 - - - 0.914 
Tex. 0.55 0.00 0.55 1.40 0.08 2.68 0.737 
Mont. 0.60 0.04 1.21 1.09 0.08 2.45 0.873 
Idaho 0.61 0.02 0.97 1.17 0.07 2.31 0.855 
Wyo. 0.43 0.04 0.99 0.43 0.04 0.99 0.420 
Colo. 0.37 0.00 0.42 0.78 0.05 1.50 0.501 
N.Mex. 0.12 0.00 0.14 0.72 0.02 1.12 0.711 
Ariz. 0.59 0.04 1.20 1.17 0.04 1.78 0.729 
Utah 0.76 0.04 1.45 1.33 0.04 2.02 0.443 
Nev. 0.49 0.02 0.87 0.73 0.02 1.11 0.443 
Wash. 0.87 0.02 1.26 0.99 0.06 1.93 0.731 
Ore. 1.04 0.00 1.04 0.59 0.00 0.59 0.547 
Calif. 0.77 0.00 0.77 1.25 0.05 1.97 0.701 
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Table 45 (Continued) 
State Non-irrigated Irrigated 
Inter­
cept 
1964 
Trend I Pred. 
1980 
Inter­
cept 
1964 
Trend Pred. 
1980 
R 
Grain sorghum 
N.Dak. - - - - - - -
S.Dak. 0.61 0.05 1.41 0.61 0.06 1.55 0. 841 
Nebr. 0.40 0.03 0.85 0.89 0.06 1.85 0. 924 
Kan. 0.75 0.05 1.55 0.84 0.05 1.64 0. 830 
Ok la. 0.19 0.01 0.42 0.32 0.02 0.64 0. 953 
Tex. 1.26 0.05 2.04 1.26 0.05 2.04 0. 510 
Mont. - - - - - - -
Idaho - - - - - - -
Wyo. - - - - - - — 
Colo. 0.83 0.07 1.95 0.83 0.07 1.95 0. 878 
N.Mex. 0.13 0.00 0.17 0.36 0.00 0.41 0. 410 
Ariz. 0.86 0.08 2.07 0.99 0.08 2.21 0. 714 
Utah - - - - - - -
Nev. - - - - - - — 
Wash. - - - - - - -
Ore. - - - - - - -
Calif. 1.17 0.04 1.87 1.17 0.06 2.15 0. 839 
Soybeans 
N.Dak. 1.53 0.13 3.56 — - - 0. 797 
S.Dak. 0.51 0.03 1.05 - - - 0. 467 
Nebr. 0.40 0.00 0.40 0.72 0.07 1.79 0. 845 
Kan. 1.22 0.06 2.14 - - - 0. 659 
Okla. 0.18 0.01 0.37 0.68 0.04 1.38 0. 975 
Tex. 0.72 0.03 1.13 1.14 0.05 1.97 0. 805 
Mont. - — - - - - -
Idaho - - - - - - -
Wyo. - - - - - - -
Colo. - - - — — — — 
N.Mex. — - - - - - -
Ariz. - - - - - -
Utah - - - - - - -
Nev. - - - - - - -
Wash. - - - - - - -
Ore. - - - - - - -
Calif. - - - - - - -
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Table 45 (Continued) 
State Non-irrigated Irrigated _ 
Inter- Trend Pred. Inter- Trend Pred. R 
cept 1980 cept 1980 
1964 1964 
Corn silage 
N.Dak. 1.39 0.09 2.90 - - - 0.856 
S.Dak. 0.88 0.03 1.43 - - - 0.550 
Nebr. 0.87 0.04 1.55 0.87 0.04 1.55 0.600 
Kan. 0.73 0.05 1.45 0.73 0.05 1.45 0.772 
Okla. 0.74 0.04 1.36 - - - 0.892 
Tex. 1.06 0.00 1.06 1.75 0.00 1.75 0.139 
Mont. 0.20 0.02 0.44 0.53 0.04 1.10 0.914 
Idaho 1.28 0.07 2.48 1.28 0.07 2.48 0.625 
Wyo. 1.12 0.08 2.41 1.12 0.08 2.41 0.833 
Colo. 0.38 0.02 0.65 0.82 0.03 1.36 0.927 
N.Mex. 0.13 0.00 0.13 0.24 0.00 0.24 0.124 
Ariz. 0.97 0.06 1.93 0.97 0.06 1.93 0.600 
Utah 0.78 0.04 1.39 0.78 0.04 1.39 0.418 
Nev. - - - - - - -
Wash. 0.86 0.00 0.86 1.05 0.03 1.58 0.240 
Ore. 8.76 0.00 8.76 1.14 0.00 1.14 0.406 
Calif. 0.32 0.00 0.32 0.77 0.01 0.92 0.884 
Tame hay 
N.Dak. 0.48 0.03 1.01 - - - 0.861 
S.Dak. 0.94 0.04 1.52 1.04 0.04 1.61 0.346 
Nebr. 0.67 0.04 1.33 0.67 0.04 1.33 0.714 
Kan. 1.05 0.03 1.53 1.24 0.08 2.57 0.727 
Okla. 0.13 0.01 0.23 0.44 0.03 0.96 0.946 
Tex. 0.41 0.02 0.67 0.46 0.04 1.05 0.866 
Mont. 0.27 0.00 0.27 0.34 0.00 0.34 0.284 
Idaho 0.46 0.02 0.81 0.80 0.04 1.44 0.853 
Wyo. 0.82 0.05 1.67 0.98 0.07 2.05 0.824 
Colo. 0.52 0.02 0.89 0.52 0.02 0.89 0.482 
N.Mex. 0.80 0.00 0.80 0.90 0.05 1.75 0.288 
Ariz. 0.25 0.02 0.50 0.91 0.07 2.01 0.953 
Utah 0.86 0.05 1.69 0.88 0.05 1.71 0.524 
Nev. 0.53 0.02 0.88 1.42 0.06 2.44 0.773 
Wash. 0.60 0.02 0.88 0.60 0.02 0.88 0.322 
Ore. 0.68 0.01 0.85 0.68 0.01 0.85 0.016 
Calif. 1.93 0.00 1.93 3.38 0.24 7.23 0.092 
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Table 46. Weighting factors for feed grain and feed grain-
soybean rotations 
Feed grain-
Feed grain rotation soybean rotation 
Leg. Wheat Corn Oats Barley Feed Soy­
grain beans 
1 0.322 0.645 0.034 0.500 0.500 
2 0.623 0.258 0.119 - 0.500 0.500 
3 0.846 0.031 0.124 - 0.500 0.500 
4 0.075 0.925 - - - -
5 0.723 0.134 0.140 0.003 0.500 0.500 
6 0.889 0.049 0.047 0.015 0.500 0.500 
7 0.587 0.245 0.086 0.082 0.500 0.500 
8 0.926 0.056 0.014 0.004 0.500 0.500 
9 0.416 0.288 0.113 0.183 0.500 0.500 
10 0.911 0.048 0.022 0.020 0.500 0.500 
11 0.891 0.039 0.049 0.020 0.500 0.500 
12 0.936 0.029 0.031 0.004 0.500 0.500 
13 0.889 0.075 0.030 0.006 0.500 0.500 
14 0.861 0.123 0.010 0.006 0.500 0.500 
15 0.508 0.377 0.084 0.031 0.500 0.500 
16 0.967 0.033 - - 0.500 0.500 
17 0.804 0.196 — - 0.500 0.500 
18 0.952 0.042 - 0.006 0.500 0.500 
19 0.946 0.041 - 0.013 0.500 0.500 
20 0.777 0.185 0.024 0.014 0.500 0.500 
21 0.940 0.054 - 0.006 0.500 0.500 
22 0.839 0.056 0.039 0.066 0.133 0.867 
23 0.857 0.132 - 0.011 0.500 0.500 
24 0.406 0.533 0.005 0.056 0.164 0.836 
25 0.774 0.161 0.024 0.041 0.386 0.614 
26 0.844 0.116 0.006 0.033 0.500 0.500 
27 0.862 0.067 0.049 0.022 0.424 0.576 
28 0.907 0.082 0.011 - 0.500 0.500 
29 0.661 0.319 0.020 - 0.500 0.500 
30 0.803 0.191 0.006 - 0.500 0.500 
31 0.918 0.056 0.019 0.008 0.500 0.500 
32 0.970 0.014 0.012 0.004 0.500 0.500 
33 0.862 0.135 0.003 0.001 0.500 0.500 
34 0.780 0.218 0.002 - 0.500 0.500 
35 0.877 0.121 0.001 0.001 0.500 0.500 
36 0.933 0.043 0.019 0.005 0.485 0.515 
37 0.577 0.185 0.065 0.173 0.500 0.500 
38 0.874 0.076 0.008 0.042 0.500 0.500 
39 0.776 0.213 0.001 0.010 0.500 0.500 
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Table 46 (Continued) 
Feed grain-
Feed grain rotation soybean rotation 
Reg. wheat Corn Oats Barley Feed Soy-
grain beans 
40 0.778 0.219 0.001 0.002 0.500 0.500 
41 0.726 0.273 0.001 - 0.500 0.500 
42 0.810 0.109 0.039 0.043 , 0.500 0.500 
43 0.700 0.277 0.023 - 0.500 0.500 
44 0.274 0.723 0.002 - 0.500 0.500 
45 0.498 0.491 0.011 - 0.500 0.500 
46 0.716 0.254 0.029 - 0.500 0.500 
47 0.630 0.365 0.005 - 0.500 0.500 
48 0.159 0.563 0.278 - 0.500 0.500 
49 0.241 0.732 0.026 - 0.500 0.500 
50 0.059 0.267 0.674 - 0.500 0.500 
51 0.055 0.327 0.618 - 0.500 0.500 
52 0.010 0.458 0.532 - - -
53 0.244 0.498 0.188 0.070 - -
54 0.388 0.473 0.102 0.037 0.500 0.500 
55 0.462 0.479 0.058 0.001 0.500 0.500 
56 0.581 0.357 0.021 0.041 0.500 0.500 
57 0.644 0.150 0.009 0.197 0.500 0.500 
58 0.234 0.244 0.284 0.238 - -
59 0.694 0.088 0.033 0.185 0.500 0.500 
60 0.444 0.017 0.036 0.502 - -
61 0.623 0.111 0.017 0.249 0.500 0.500 
62 0.512 0.141 0.049 0.298 0.500 0.500 
63 0.330 0.155 0.117 0.398 0.500 0.500 
64 0.256 0.115 0.089 0.541 0.500 0.500 
65 0.033 0.051 0.197 0.719 0.500 0.500 
66 0.005 0.004 0.079 0.912 - -
67 0.062 0.286 0.437 0.215 0.500 0.500 
68 0.003 0.056 0.275 0.665 - -
69 0.094 0.240 0.273 0.393 0.500 0.500 
70 - 0.015 0.100 0.885 -
71 0.005 0.190 0.054 0.751 - -
72 0.001 0.001 0.005 0.993 - -
73 0.018 0.575 0.137 0.269 - -
74 0.289 0.240 0.032 0.439 0.500 0.500 
75 0.202 0.066 0.009 0.724 - -
76 0.621 0.020 0.005 0.354 - -
77 0.714 0.097 - 0.189 - -
78 0.020 - - 0.980 - -
79 0.094 - - 0.906 - -
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Table 46 (Continued) 
Feed grain-
Feed grain rotation soybean rotation 
Reg. Wheat Corn Oats Barley Feed Soy­
grain beans 
80 0.166 0.480 0.052 0.302 
81 - - - - - -
82 0.329 0.310 0.102 0.258 0.500 0.500 
83 0.081 0.141 0.725 0.054 - -
84 - 0.114 0.886 - - -
85 - 0.067 0.933 - - -
86 0.009 0.358 0.633 - - -
87 0.167 0.034 0.396 0.403 - -
88 0.013 0.008 0.159 0.820 - -
89 - - — — 1.000 - -
90 - 0.042 0.958 - - — 
91 - 0.030 0.970 - - -
92 - 0.193 0.807 - - -
93 - - - - - -
94 • - - - - - -
95 - 0.290 0.710 - - -
96 0.912 0.088 - - - -
97 - - 1.000 - - -
98 • - 0.061 0.939 - - -
99 - 0.073 0.927 - - -
100 0.012 0.065 0.901 0.021 - -
101 - - - - - -
102 0.027 0.430 0.544 - - -
103 0.008 0.148 0.828 0.017 - -
Table 47. Weighting factors for feed grain-silage, feed 
grain-hay, and hay-silage rotations 
Feed grain- Feed grain- Hay-silage 
silage hay rotation 
rotation rotation 
Reg. Feed Silage Feed Hay Hay Silage 
grain grain 
1 0.704 0.296 0.247 0.753 0.121 0.879 
2 0.843 0.157 0.506 0.494 0.161 0.839 
3 0.931 0.069 0.767 0.233 0.196 0.804 
4 0.351 0.649 0.041 0.959 0.074 0.926 
5 0.791 0.209 0.276 0.724 0.092 0.908 
6 0.974 0.026 0.909 0.091 0.208 0.792 
7 0.891 0.109 0.599 0.401 0.155 0.845 
8 0.983 0.017 0.934 0.066 0.200 0.800 
9 0.893 0.107 0.667 0.333 0.194 0.806 
10 0.956 0.044 0.617 0.383 0.070 0.930 
11 0.971 0.029 0.589 0.411 0.041 0.959 
12 0.947 0.053 0.518 0.482 0.057 0.943 
13 0.918 0.082 0.330 0.670 0.042 0.958 
14 0.980 0.020 0.959 0.041 0.322 0.678 
15 0.905 0.095 0.554 0.446 0.115 0.885 
16 0.964 0.036 0.880 0.120 0.212 0.788 
17 0.938 0.062 0.823 0.177 0.235 0.765 
18 0.974 0.026 0.754 0.246 0.076 0.924 
19 0.975 0.025 0.770 0.230 0.078 0.922 
20 0.936 0.064 0.645 0.355 0.110 0.890 
21 0.947 0.053 0.624 0.376 0.085 0.915 
22 0.945 0.055 0.774 0.226 0.166 0.834 
23 0.962 0.038 0.502 0.493 0.039 0.961 
24 0.944 0.056 0.728 0.272 0.137 0.863 
25 0.905 0.095 0.365 0.635 0.057 0.943 
26 0.924 0.076 0.315 0.685 0.036 0.964 
27 0.948 0.052 0.717 0.283 0.121 0.879 
28 0.960 0.040 0.586 0.414 0.056 0.944 
29 0.922 0.078 0.501 0.499 0.078 0.922 
30 0.966 0.034 0.765 0.235 0.103 0.897 
31 0.974 0.026 0.731 0.269 0.069 0.931 
32 0.984 0.016 0.887 0.113 0.112 0.888 
33 0.974 0.026 0.831 0.169 0.116 0.884 
34 0.972 0.028 0.827 0.173 0.121 0.879 
35 0.990 0.010 0.906 0.094 0.087 0.913 
36 0.947 0.053 0.770 0.230 0.157 0.843 
37 0.921 0.079 0.606 0.394 0.117 0.883 
A A éT A A A^^ A **1 A A lAA A nOA A Û1 £ 
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Table 47 (Continued) 
Feed grain- Feed grain- Hay-silage 
silage hay rotation 
rotation rotation 
Reg. Feed Silage Feed Hay Hay Silage 
grain grain 
39 0.982 0.018 0.760 0.240 0.055 0.945 
40 0.975 0.025 0.853 0.147 0.129 0.871 
41 0.948 0.052 0.787 0.213 0.168 0.832 
42 0.821 0.179 0.268 0.732 0.074 0.926 
43 0.897 0.103 0.647 0.353 0.174 0.826 
44 0.735 0.265 0.442 0.558 0.223 0.777 
45 0.837 0.163 0.558 0.442 0.197 0.803 
46 0.925 0.075 0.874 0.126 0.361 0.639 
47 0.865 0.135 0.694 0.306 0.261 0.739 
48 0.874 0.126 0.696 0.304 0.248 0.752 
49 0.801 0.199 0.272 0.728 0.085 0.915 
50 0.952 0.048 0.887 0.113 0.283 0.717 
51 0.909 0.091 0.806 0.194 0.294 0.706 
52 0.780 0.220 0.564 0.436 0.266 0.734 
53 0.824 0.176 0.264 0.736 0.071 0.929 
54 0.776 0.224 0.599 0.401 0.301 0.699 
55 0.842 0.158 0.767 0.233 0.382 0.618 
56 0.865 0.135 0.827 0.173 0.427 0.573 
57 0.974 0.026 0.844 0.156 0.128 0.872 
58 0.933 0.067 0.585 0.415 0.091 0.909 
59 0.958 0.042 0.597 0.403 0.061 0.939 
60 0.960 0.040 0.856 0.144 0.200 0.800 
61 0.942 0.058 0.746 0.254 0.153 0.847 
62 0.895 0.105 0.742 0.258 0.253 0.747 
63 0.864 0.136 0.745 0.255 0.315 0.685 
64 0.889 0.111 0.770 0.230 0.294 0.706 
65 0.869 0.131 0.836 0.164 0.433 0.567 
66 0.948 0.052 0.950 0.050 0.511 0.489 
67 0.949 0.051 0.730 0.270 0.127 0.873 
68 0.930 0.070 0.869 0.131 0.333 0.667 
69 0.949 0.051 0.584 0.416 0.070 0.930 
70 0.974 0.026 0.959 0.041 0.382 0.618 
71 0.955 0.045 0.888 0.112 0.269 0.731 
72 0.990 0.010 0.994 0.006 0.631 0.369 
73 0.948 0.052 0.682 0.318 0.105 0.895 
74 0.982 0.018 0.686 0.314 0.038 0.962 
75 0.982 0.018 0.893 0.107 0.133 0.867 
76 0.984 0.016 0.760 0.240 0.048 0.952 
11 Ô.94Ù O.ùbù Ô.462 O.bjb Ù.Û5Z Û.948 
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Table 47 (Continued) 
Feed grain- Feed grain- Hay-silage 
silage hay rotation 
rotation rotation 
Reg. Feed Silage Feed Hay Hay Silage 
grain grain 
78 0.989 0.011 0.945 0.055 0.154 0.846 
79 0.888 0.112 0.796 0.204 0.329 0.671 
80 0.970 0.030 0.643 0.357 0.052 0.948 
81 - - - 1.000 - 1.000 
82 0.921 0.079 0.278 0.722 0.032 0.968 
83 0.960 0.040 0.469 0.531 0.036 0.964 
84 0.980 0.020 0.768 0.232 0.064 0.936 
85 0.998 0.002 0.666 0.334 0.004 0.996 
86 0.961 0.039 0.302 0.698 0.017 0.983 
87 0.930 0.070 0.735 0.265 0.172 0.828 
88 0.988 0.012 0.852 0.148 0.068 0.932 
89 0.965 0.035 0.966 0.034 0.508 0.492 
90 - - 0.684 0.316 - 1.000 
91 0.579 0.421 0.390 0.610 0.317 0.683 
92 - - 0.600 0.400 - 1.000 
93 - - - - - 1.000 
94 - 1.000 - 1.000 0.877 0.123 
95 0.987 0.013 0.326 0.674 0.006 0.994 
96 0.938 0.062 0.573 0.427 0.082 0.918 
97 0.294 0.706 0.133 0.867 0.269 0.731 
98 0.997 0.003 0.746 0.254 0.009 0.991 
99 - - 0.781 0.219 - 1.000 
100 0.990 0.010 0.879 0.121 0.065 0.935 
101 - - — — - 1.000 
102 0.916 0.084 0.318 0.682 0.041 0.959 
103 0.984 0.016 0.633 0.367 0.027 0.973 
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Table 48. Weighting factors for irrigated feed grain-silage, 
feed grain-hay, and hay-silage rotations 
Feed grain- Feed grain- Hay-silage 
silage hay rotation 
rotation rotation 
Irr. Feed Silage Feed Hay Hay Silage 
reg. grain grain 
1 0.796 0.204 0.521 0.479 0.218 0.782 
2 0.899 0.101 0.911 0.089 0.534 0.466 
3 0.970 0.030 0.935 0.065 0.306 0.694 
4 0.757 0.243 0.247 0.753 0.095 0.905 
5 0.816 0.184 0.583 0.417 0.240 0.760 
6 0.845 0.155 0.192 0.808 0.042 0.958 
7 0.884 0.116 0.132 0.868 0.019 0.981 
8 0.905 0.095 0.515 0.485 0.101 0.899 
9 0.879 0.121 0.224 0.776 0.038 0.962 
10 0.927 0.073 0.473 0.527 0.066 0.934 
Table 49. Weighting factors for irrigated feed grain and feed 
grain-soybean rotations 
Feed grain-
Feed grain rotation soybean rotation 
Irr. Wheat Corn Oats Barley Feed Soy­
reg. grain beans 
1 0.823 0.111 0.047 0.019 
2 0.779 0.001 0.003 0.216 0.992 0.008 
3 0.020 0.006 0.025 0.950 0.972 0.028 
4 0.274 0.271 0.451 0.005 - -
5 0.181 0.026 0.079 0.714 - -
6 0.081 0.233 0.686 - - -
7 0.156 0.194 0.612 0.038 - -
8 0.018 0.014 0.520 0.448 - -
9 0.292 0.252 0.455 - - -
10 0.112 0.017 0.665 0.206 - -
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Table 50. Producing area crop yields per acre for wheat, 
corn, oats, barley and grain sorghum for 1980 
Reg. Wheat Corn Oats Barley Grain 
sorg. 
(bushels) 
1 42.48 94.16 64.04 59.09 -
2 36.62 72.34 51.25 60.36 -
3 38.95 73.83 46.21 49.98 -
4 - 87.38 48.83 - -
5 34.88 69.68 50.49 57.87 58.71 
6 40.66 80.93 60.18 59.38 69.92 
7 37.54 65.34 45.51 46.01 62.36 
8 40.58 75.99 51.00 43.88 57.97 
9 35.59 57.83 48.89 44.73 66.01 
10 45.48 59.55 52.42 36.98 65.11 
11 48.21 81.19 55.45 50.77 70.95 
12 48.85 89.10 44.24 51.98 -
13 36.59 82.79 58.05 55.47 56.62 
14 29.40 58.70 37.38 41.28 52.19 
15 31.46 65.99 34.76 42.52 39.65 
16 28.50 58.67 31.23 - -
17 34.03 54.92 38.73 - -
18 38.72 26.46 40.83 - 40.33 
19 40.17 33.13 45.74 - 52.31 
20 25.76 34.57 35.84 32.51 60.52 
21 36.54 38.82 59.55 - 52.06 
22 47.87 49.04 81.45 38.76 42.94 
23 26.22 39.07 35.41 - 44.64 
24 38.84 50.61 78.21 41.83 49.70 
25 38.40 47.63 70.93 35.44 32.53 
26 34.31 43.07 55.45 42.65 46.52 
27 37.54 86.63 50.46 34.47 85.24 
28 31.67 84.95 51.98 47.31 -
29 40.35 90.40 70.56 56.03 -
30 40.38 93.37 71.90 54.32 -
31 40.30 89.94 59.04 56.64 99.91 
32 42.19 75.28 57.40 42.59 -
33 45.86 102.24 71.53 44.94 89.81 
34 50.28 113.02 75.40 51.02 93.68 
35 51.50 110.47 72.09 48.77 100.36 
36 42.82 65.14 57.41 44.91 87.61 
37 30.94 72.19 42.03 33.52 86.69 
38 46.94 95.47 49.93 35.35 99.07 
39 36.91 103.18 60.32 52.99 1Ù2. Û9 
40 39.07 112.87 70.24 62.10 103.67 
41 35.79 105.62 78.88 59.75 -
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Table 50 (Continued) 
leg. Wheat Corn Oats Barley Grain 
sorg. 
(bushels) 
42 24.09 65.62 48.90 30.91 73.95 
43 39.86 75.56 61.67 51.12 -
44 40.34 75.06 60.62 59.70 -
45 46.09 96.32 71.65 65.67 -
46 32.11 75.43 68.72 56.50 -
47 39.19 86.57 64.12 60.29 -
48 33.17 56.91 60.42 51.10 -
49 31.97 57.66 46.96 41.51 -
50 29.97 51.29 61.33 39.74 -
51 26.74 53.41 49.68 36.57 -
52 32.84 40.61 43.13 32.56 -
53 31.82 39.85 35.15 36.84 43.92 
54 31.20 41.20 51.49 45.48 49.45 
55 32.62 62.21 61.66 51.37 56.10 
56 31.68 69.36 54.09 50.10 62.95 
57 32.65 80.02 50.61 49.45 88.80 
58 32.28 44.58 39.69 36.78 50.42 
59 29.76 74.25 44.25 39.57 81.57 
60 31.23 63.92 44.92 42.31 70.89 
61 34.52 90.63 47.14 43.45 76.51 
62 36.09 65.35 45.83 51.94 64.83 
63 34.60 63.50 42.23 43.18 64.07 
64 30.31 54.55 33.67 43.33 57.40 
65 29.08 51.79 31.67 37.60 49.05 
66 23.71 75.13 27.01 32.90 58.86 
67 33.40 67.59 41.29 36.89 58.82 
68 28.33 37.50 36.67 15.39 41.03 
69 30.51 60.55 43.60 34.27 47.86 
70 21.99 - 20.89 23.80 50.21 
71 22.79 37.82 28.20 24.52 34.56 
72 23.59 45.04 24.46 25.09 40.06 
73 22.97 37.51 24.80 24.53 34.58 
74 28.56 51.20 30.55 25.03 53.77 
75 22.22 51.00 31.87 28.37 61.22 
76 20.96 59.92 31.08 32.48 51.68 
77 28.76 47.62 34.73 - 46.44 
78 21.84 57.52 - - 58.72 
79 - 33.65 - - 48.47 
80 22.53 52.88 30.70 30.59 42.58 
81 - - - - — 
82 32.95 53.77 42.56 38.72 45.95 
83 27.50 32.32 29.54 32.25 21.10 
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Table 50 (Continued) 
Reg. Wheat Corn Oats Barley Grain 
sorg. 
(bushels) 
84 28.01 — 49.25 43.34 — 
85 32.14 - 52.00 43.44 -
86 26.57 21.33 30.34 27.93 -
87 21.96 25.91 19.74 24.19 21.92 
88 16.62 31.52 20.81 22.26 21.05 
89 14.58 - - - 28.85 
90 33.42 - 40.09 44.96 -
91 27.66 - 36.94 34.59 -
92 48.55 - 46.34 46.31 -
93 - - - - -
94 - - - - -
95 33.36 - 57.16 50.38 -
96 16.52 20.43 28.31 - -
97 23.21 - - 28.09 -
98 40.27 - 43.27 48.97 -
99 31.09 - 36.25 39.53 -
100 32.12 82.43 44.34 32.58 53.55 
101 - - - - -
102 35.74 69.44 52.37 42.75 -
103 27.53 73.26 44.93 47.78 72.71 
Reg 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
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Producing area crop yields per acre for soybeans, 
silage, tame hay, and wild hay for 1980 
Soybeans Corn Tame Wild 
(bu.) silage hay hay 
(tons) (tons) (tons) 
25.61 5.13 2.05 -
28.89 4.40 2.07 -
28.20 4.14 2.31 -
- 5.58 1.77 -
30.72 4.75 1.80 -
26.85 4.69 2.18 -
28.74 4.68 1.75 -
32.13 4.41 1.42 -
25.54 3.83 1.56 -
23.85 4.36 1.89 -
33.42 4.71 2.16 -
33.38 4.80 2.35 -
22.60 5.08 1.92 -
26.96 4.07 2.30 -
23.53 3.76 2.42 -
29.22 3.75 2.74 -
29.46 3.83 2.12 -
26.33 3.93 2.02 -
26.52 3.84 1.87 -
28.49 3.95 2.65 -
28.90 4.88 2.02 -
25.37 4.39 2.74 -
31.37 4.61 2.24 -
27.24 4.46 2.21 1.03 
23.69 4.26 2.00 0.98 
22.59 4.15 1.95 0.90 
28.16 4.83 2.32 0.94 
25.40 4.92 1.90 -
27.15 4.81 2.40 -
29.52 5.19 2.69 -
28.48 4.93 2.66 -
29.28 4.82 2.69 -
33.14 5.58 2.89 -
37.29 6.37 3.66 -
37.74 5.52 3.12 -
29.44 3.86 2.67 -
23.13 3.84 2.28 1.06 
31.36 4.68 2.43 1.09 
35.35 4.67 3.24 -
36. Ôb 5.b3 3.60 -
32.25 5.22 3.47 -
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Table 51 (Continued) 
Reg. Soybeans Corn Tame Wild 
(bu. ) silage hay hay 
(tons) (tons) (tons) 
42 21.65 4.02 2.01 0.85 
43 21.97 3.72 2.62 1.11 
44 18.72 3.30 2.62 1.00 
45 25.63 4.26 3.45 1.43 
46 22.96 3.59 3.25 1.26 
47 25.78 3.65 3.27 1.56 
48 17.65 3.02 2.64 1.11 
49 16.91 2.90 2.23 1.05 
50 19.67 3.05 2.22 1.05 
51 20.64 2.29 2.21 0.98 
52 - 1.75 1.79 0.84 
53 - 2.14 1.36 0.65 
54 16.44 2.14 1.53 0,71 
55 20.06 3.09 1.80 0.91 
56 24.93 3.05 2.09 0.84 
57 27.02 5.10 2.90 1.06 
58 - 4.01 1.66 0.73 
59 32.54 4.83 2.54 0.74 
60 - 3.83 2.41 0.84 
61 32.60 6.14 2.90 1.21 
62 29.19 4.88 2.81 1.17 
63 26.87 4.89 2.89 1.14 
64 27.52 4.30 2.64 1.15 
65 26.25 3.93 2.73 1.20 
66 - 3.93 2.59 1.12 
67 17.80 3.11 1.60 1.25 
68 - 3.14 1.54 1.08 
69 27.07 3.17 1.74 1.17 
70 - 4.45 2.36 0.84 
71 - 2.76 1.83 0.97 
72 - 3.31 2.62 — 
73 - 2.80 1.97 0.93 
74 36.94 3.66 1.82 1.18 
75 - 4.17 1.99 1.27 
76 - 3.77 1.93 1.16 
77 - 3.63 2.06 1.24 
78 - 3.85 2.69 -
79 - 2.97 1.50 2.34 
80 - 3.79 1.81 1.07 
81 - - 2.56 -
62 26.56 3.26 1.44 1.11 
83 - 4.74 2.47 0.91 
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Table 51 (Continued) 
Reg. Soybeans Corn Tame Wild 
(bu. ) silage hay hay 
(tons) (tons) (tons) 
84 - 2.10 1.77 0.83 
85 - 7.20 2.25 1.00 
86 - 4.68 1.83 0.81 
87 - 2.69 1.78 0.95 
88 - 5.93 2.26 0.93 
89 - 1.31 2.08 0.92 
90 - - 2.99 1.14 
91 - 5.83 3.09 1.39 
92 - - 2.69 1.14 
93 - - - -
94 - 6.01 3.05 -
95 - 5.63 2.67 1.05 
96 - 2.64 2.80 0.88 
97 - 4.70 2.66 0.95 
98 - 3.75 1.84 1.28 
99 - - 1.73 1.33 
100 - 3.55 2.87 1.11 
101 - - - -
102 - 3.32 2.41 1.11 
103 - 5.48 2.12 1.13 
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Table 52. Irrigated producing region crop yields per acre 
for wheat, corn, oats, barley and grain sorghum 
for 1980 
Irr. Wheat Corn Oats Barley Grain 
reg. sorghum 
1 44.40 92.67 65.56 55.29 74.01 
2 39.51 114.90 67.81 45.96 105.04 
3 54.28 77.66 42.99 39.53 84.80 
4 48.36 96.20 63.82 64.63 72.44 
5 48.57 123.63 49.29 48.90 80.76 
6 54.01 78.54 62.75 60.75 -
7 61.39 69.32 56.00 63.89 77.62 
8 56.51 67.91 50.77 100.13 89.06 
9 78.49 124.63 69.55 83.48 -
10 51.35 110.39 68.32 57.49 70.42 
reg 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
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53. Irrigated producing region crop yields per acre 
for soybeans, cotton, silage, tame hay, and wild 
hay for 1980 
Soybeans Cotton Silage Tame Wild 
hay hay 
-
- 7.76 21.45 3.34 
36.22 - 7.84 27.57 4.42 
26.77 609.86 6.00 14.53 6.15 
-
- . 6.69 12.38 2.71 
- 634.27 5.63 13.85 3.27 
- - 6.36 - 4.07 
- — 5.96 - 4.16 
- 1241.54 7.73 23.72 7.69 
- - 7.98 - 4.66 
- 1304.28 7.89 24.40 5.97 
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Table 54-55. Acres of cropland, cropland plus hayland, and 
wild hayland acreages available by producing 
area 
Total 
Total cropland 
Reg. cropland hayland 
Irrig. 
Total cropland + 
wild Irrig. irrig. 
hayland cropland hayland 
1 2819632. 6981529. - - — 
2 2415017. 3703811. - - -
3 1245948. 1403160. - - -
4 292718. 1847684. - - -
5 1300190. 3131292. - - -
6 1571893. 1633845. - - -
7 719760. 996146. - - -
8 2043910. 2107321. - - -
9 287563. 359588. - - -
10 2670905. 3247952. - - -
11 1336229. 1919472. - - -
12 838454. 1251187. - - -
13 852834. 2251694. - - -
14 5925283. 6060274. - - -
15 435702. 665250. - - -
16 854229. 996195. - - -
17 330478. 351753. - - -
18 1105416. 1363311. - — -
19 1717588. 2058113. - - -
20 853401. 1266037. - - -
21 1751550. 2286136. - - -
22 1368240. 1388470. 673. - -
23 1568095. 1965041. - - -
24 5817544. 5945200. 10626. - -
25 438087. 597585. 90545. - -
26 573295. 1105269. 102098. - -
27 3238775. 3540822. 6074. - -
28 467941. 664872. - - -
29 1322020. 2107829. - - -
30 6640814. 7565033. - - -
31 2337026. 2753683. - - -
32 866853. 913709. - - -
33 8303018. 9101313. - - -
34 8767360. 10126990. - - -
35 7131641. 7487606. - - -
36 3674907. 4075258. - - -
37 1855085. 2651399. 125156. - -
38 7448470. 9002663. 17773. - -
39 4718644. 5742129. - - -
40 10300190. 11459310. - - -
41 3106967. 3727567. - - -
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Table 54-55 (Continued) 
Irrig. 
Total Total cropland 
Total cropland wild Irrig. irrig. 
Reg. cropland hayland hayland cropland hayland 
42 220021. 647301. 21679. - -
43 4527430. 5733747. 4482. - -
44 1219873. 2191441. 7689. - -
45 3626004. 5722610. 13754. - -
46 6869150. 7467028. 86954. - -
47 5892828. 7534607. 78195. - -
48 4202119. 5229235. 205169. - -
49 809727. 2093348. 52458. - -
50 2386653. 2514955. 50809. - -
51 7869545. 8584803. 750875. 221917. 222076 
52 5840611. 6834420. 796889. 9498. 19424 
53 1713101. 2769837. 1769567. 111749. 220061 
54 4914698. 5964397. 1124483. 245295. 245860 
55 1573729. 1846699. 156701. 3351. 3807 
56 3978532. 4465221. 181160. 11976. 12774 
57 8241049. 9198391. 244814. 328694. 346129 
58 1746837. 2096531. 361235. 80129. 174395 
59 1642863. 2188435. 684486. 436940. 486756 
60 1912352. 2078400. 37797. 123910. 158382 
61 1329328. 1597454. 53334. 1939. 1966 
62 1107295. 1303841. 201652. 829. 829 
63 2295479. 2621824. 349620. 7309. 8748 
64 3122572. 3469556. 94405. 59757. 61607 
65 9390994. 9857273. 84776. 254617. 285248 
66 3905525. 3986258. 16051. 592949. 612358 
67 3057728. 3370447. 175454. 3648. 6101 
68 2364433. 2444955. 28712. 170457. 178398 
69 3093290. 3571754. 152525. 169589. 179495 
70 5336013. 5392650. 10252. 2641455. 2670467 
71 4026699. 4176331. 6327. 88935. 103917 
72 4127212. 4155807. 153. 1636186. 1652366 
73 394887. 430602. 1034. 337. 1164 
74 3361775. 4109640. 58935. 6379. 12788 
75 . 2242182. 2457575. 19809. 50348. 63446 
76 521289. 652914. 28895. 1444. 3292 
77 555141. 953020. 57829. 33850. 38265 
78 983897. 1011309. 425. 407316. 417637 
79 195379 222303. 657. 52976. 64414 
80 898547. 1209276. 34815. 40081. 48949 
81 320096c 349425, 2, 25142'' 0C0AC3 
82 205285! 43879Ï! 87968] "2172! ~~3330 
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Table 54-55 (Continued) 
Irrig. 
Total Total cropland 
Total cropland wild Irrig. irrig. 
Reg. cropland hayland hayland cropland hayland 
83 2050974. 3527999. 513760. 825926. 2018649 
84 3694983. 4098613. 119243. 71585. 202555 
85 2748704. 3645048. 129533. 278537. 751207 
86 772687. 1318643. 140696. 74815. 268889 
87 2051877. 2263993. 21299. 81640. 121271 
88 648624. 799523. 6706. 168049. 276052 
89 1013455. 1042987. 5401. 270828. 295202 
90 1150063. 1604142. 52654. 323763. 659032 
91 459523. 677214. 22376. 108537. 265637 
92 387272. 475469. 2221. 1896. 4357 
93 487798. 608488. 324. 230445. 344977 
94 897529. 1148498. 856. 758345. 981613 
95 1040700. 2442340. 249996. 553125. 1595052 
96 163835. 314250. 10976. 86347. 216857 
97 301544. 898510 282655. 167284. 724945 
98 2421505. 2737506. 15727. 57972. 174150 
99 2468056. 2855955. 9166. 838580. 1148897 
100 2446740. 3256802. 14407. 1741523. 2454657 
101 217726. 383585. 170. 182112. 336812 
102 741005. 1841687. 315475. 219490. 608701 
103 1490411. 2339070. 76913. 760009. 1289807 
Table 56. Costs of non-irrigated crop activities in 1980 
Reg. Wheat Corn Oats Barley Grain Soy- Cotton Corn Sorgh. Tame Wild 
sorgh. beans silage silage hay hay 
($ per acre) 
1 50. 56 93. 40 45. 30 48. 02 67. 81 115. 70 60. 44 -
2 50. 56 100. 85 46. 23 48. 48 - 68. 25 - 136. 31 - 68. 30 -
3 53. 40 88. 03 47. 97 48. 81 - 52. 62 - 115. 71 - 76. 94 -
4 126. 43 48. 21 - 151. 88 66. 90 -
5 68. 96 115. 85 60. 38 61. 62 104. 25 75. 87 187. 39 138. 12 138. 44 70. 56 -
6 60. 02 93. 71 50. 14 49. 03 78. 11 47. 20 140. 88 105. 79 106. 84 75. 36 -
7 70. 87 91. 14 44. 29 53. 45 73. 62 55. 73 142. 03 112. 38 115. 77 59. 44 — 
8 66. 24 92. 72 48. 99 49. 96 74. 79 50. 25 134. 01 108. 04 112. 90 74. 01 -
9 69. 30 79. 32 55. 61 52. 64 62. 67 51. 28 134. 45 114. 44 122. 83 61. 25 — 
10 56. 67 90. 05 46. 40 41. 09 71. 44 47. 80 159. 41 104. 83 96. 79 57. 90 -
11 64. 93 88. 38 46. 84 43. 90 73. 98 53. 78 122. 89 110. 73 103. 24 61. 10 -
12 63. 46 88. 24 47. 98 47. 62 45. 31 120. 48 112. 52 61. 77 -
13 63. 17 113. 87 56. 03 52. 27 94. 90 74. 49 166. 48 130. 09 119. 05 60. 98 -
14 54. 22 66. 46 38. 42 43. 87 62. 41 37. 74 175. 12 107. 93 103. 88 86. 28 -
15 60. 16 88. 69 42. 48 49. 46 76. 14 43. 98 170. 39 120. 51 114. 02 76. 92 — 
16 55. 25 70. 96 44. 90 - - 43. 65 157. 02 116. 26 - 91. 73 -
17 53. 75 73. 81 33. 56 - - 41. 97 98. 43 98. 62 89. 87 73. 76 -
18 53. 18 62. 09 35. 26 - 49. 70 43. 31 83. 87 92. 80 86. 37 72. 52 — 
19 64. 46 62. 56 38. 40 - 53. 47 43. 48 98. 27 98. 06 91. 35 71. 03 -
20 49. 65 66. 30 32. 87 w
 
to
 
50 57. 98 46. 97 153. 42 105. 36 102. 76 86. 01 -
21 42. 69 73. 13 40. 82 - 56. 36 36. 38 97. 74 87. 68 72. 78 47. 93 -
22 42. 11 67. 16 35. 55 33. 05 49. 13 38. 93 175. 11 73. 31 61. 24 59. 08 -
23 34. 49 80. 71 32. 24 - 57. 24 44. 95 181. 49 97. 27 89. 30 50. 08 -
24 37. 66 70. 63 34. 45 32. 85 50. 28 34. 93 147. 33 71. 96 62. 70 49. 89 22. 73 
25 39. 17 74. 08 38. 38 38. 06 41. 54 44. 32 123. 73 83. 04 73. 64 44. 57 25. 99 
26 46. 40 93. 37 43. 02 39. 29 61. 31 42. 11 198. 25 109. 75 102. 61 47. 88 19. 68 
27 42. 46 76. 68 35. 84 36. 21 61. 85 43. 39 140. 49 75. 34 63. 48 46. 91 21. 22 
28 40. 80 73. 31 37. 18 37. 19 53. 20 93. 57 52. 14 -
Table 56 (Continued) 
Reg. iWheat Corn Oats Barley Grain Soy-
sorgh. beans 
Cotton Corn 
silage 
Sorgh. 
silage 
Tame 
hay 
Wild 
hay 
($ per acre) 
29 44.56 72.03 39.79 36.48 - 53.23 • - 95.77 - 52. 28 -
30 37.44 62.02 33.79 34.05 - 40.91 - 80.77 - 57. 55 -
31 39.81 71.86 35.52 38.36 60.99 41.99 - 90.02 77.61 50. 74 -
32 39.89 69.46 24.79 29.41 - 34.42 - 74.88 - 52. 96 
33 42.95 74.97 34.53 31.42 55.86 42.41 - 87.12 70.17 54. 88 -
34 43.66 73.98 25.46 30.54 55.79 37.76 - 82.37 61.07 56. 10 -
35 42.26 75.14 23.65 28.12 53.92 33.99 - 85.86 69.31 54. 14 -
36 41.18 71.89 24.27 28.91 53.02 35.91 - 83.68 77.26 50. 09 
37 45.67 75.54 25.90 25.86 64.14 45.67 - 80.08 75.56 45. 47 25. 91 
38 38.35 77.14 31.12 31.23 55.90 36.39 - 74.43 64.38 51. 28 23. 31 
39 33.33 63.63 25.08 26.30 52.45 36.62 — 90.89 78.20 50. 93 — 
40 32.15 64.70 25.34 27.01 51.25 36.79 — 85.79 67.08 56. 35 -
41 30.86 72.29 26.83 27.52 - 38.75 - 83.35 66.45 54. 81 -
42 50.84 106.11 50.76 50.99 100.35 82.96 190.25 121.69 117.17 55. 26 29. 08 
43 46.21 68.65 33.44 34.33 - 42.68 - 74.67 - 47. 22 16. 34 
44 44.30 77.67 32.53 33.31 - 46.03 - 94.54 — 49. 75 18. 84 
45 41.16 77.08 28.21 30.10 - 40.84 - 83.32 - 48. 16 18. 07 
46 35.23 59.08 31.49 33.76 - 28.54 - 64.98 - 53. 42 20. 77 
47 34.17 67.29 28.89 30.77 — 33.01 — 80.72 - 49. 27 18. 40 
48 34.58 58.96 31.40 32.17 - 33.71 — 73.91 - 42. 29 15. 88 
49 46.58 72.12 35.71 38.72 - 43.31 - 84.84 - 45. 18 19. 01 
50 31.97 44.47 30.31 29.12 - 40.39 — 54.48 - 36. 90 12. 33 
51 29.79 42.05 24.04 25.42 - 26.21 — 44.76 43.19 42. 87 13. 38 
52 33.34 48.28 26.76 25.66 - - - 46.62 45.21 38. 79 12. 19 
53 29.83 60.70 29.92 30.97 44.54 - - 60.94 56.24 28. 89 8. 33 
54 30.14 51.51 22.33 22.15 31.33 28.98 - 47.51 42.99 27. 58 8. 86 
55 30.48 49.32 24.60 22.78 28.97 28.16 - 41.50 36.15 36. 88 15. 81 
56 29.93 46.69 24.65 22.73 29.32 27.30 - 39.45 33.97 43. 42 16. 06 
Table 56 (Continued) 
Reg. Wheat Corn Oats Barley Grain 
sorgh. 
($ 
57 37. 52 66. 58 35. 06 34. 05 58. 90 
58 25. 54 66. 19 25. 21 23. 50 51. 00 
59 26. 56 67. 51 33. 71 32. 66 58. 41 
60 28. 47 64. 42 34. 12 32. 90 54. 87 
61 47. 93 76. 58 23. 26 23. 27 51. 03 
62 47. 75 71. 31 22. 68 30. 32 45. 49 
63 45. 36 70. 30 22. 59 24. 51 52. 39 
64 38. 48 61. 32 20. 95 25. 06 44. 73 
65 32. 21 , 51. 03 20. 54 24. 82 36. 07 
66 21. 96 50. 33 21. 07 21. 22 40. 11 
67 27. 86 72. 25 28. 08 26. 75 57. 98 
68 28. 01 56. 30 31. 17 28. 19 46. 80 
69 28. 15 73. 04 36. 04 37. 88 46. 32 
70 23. 91 - 24. 30 28. 92 35. 55 
71 24. 07 42. 58 27. 03 27. 88 29. 57 
72 17. 65 41. 01 17. 08 20. 82 30. 82 
73 27. 11 55. 19 28. 89 33. 44 37. 33 
74 28. 27 57. 73 27. 45 27. 71 37. 11 
75 24. 68 53. 07 27. 39 29. 48 42. 26 
76 33. 12 59. 57 35. 67 37. 33 40. 81 
77 36. 70 59. 51 37. 48 40. 84 
78 31. 90 69. 27 56. 61 
79 52. 39 40. 49 
80 29. 17 68. 68 w
 
to
 
34 36. 32 45. 89 
81 
82 35. 48 83. 68 38. 78 41. 61 76. 43 
83 25. 74 50. 65 32. 05 29. 95 39. 31 
84 21. 08 17. 09 17. 17 
Soy- Cotton Corn Sorgh. Tame Wild 
beans silage silage hay hay 
aare ) 
36 40 61. 52 45. 57 50. 62 17. 05 
-- - 68. 53 52. 10 36. 82 10. 84 
37. 10 - 65. 77 49. 68 39. 40 8. 87 
- 66. 20 51. 24 45. 13 11. 94 
45. 36 — 53. 44 48. 28 53. 52 25. 76 
44. 06 - 57. 44 53. 80 49. 33 26. 05 
43. 64 61. 25 57. 18 48. 53 25. 46 
39. 12 62. 72 55. 70 47. 99 19. 93 
38. 81 60. 97 51. 60 48. 54 20. 12 
— 
- 51. 39 44. 00 51. 15 18. 52 
35. 48 105. 17 71. 05 68. 14 70. 63 18. 10 
- 96. 45 67. 42 64. 43 72. 41 23. 56 
36. 18 102. 65 68. 11 65. 02 74. 43 18. 99 
— 144. 68 48. 72 112. 78 18. 05 
- 86. 29 69. 15 61. 29 19. 07 
— 102. 64 52. 00 118. 44 
115. 73 76. 93 57. 62 19. 07 
w
 H
 
60 127. 85 59. 10 58. 07 59. 07 26. 61 
— 162. 52 57. 17 59. 07 55. 58 26. 93 
140. 49 63. 03 64. 81 61. 26 28. 85 
195. 83 81. 16 83. 40 59. 51 24. 12 
186. 12 64. 27 102. 50 
- 138. 83 75. 66 78. 76 51. 40 19. 31 
138. 33 83. 17 84. 76 51. 58 18. 99 
84. 92 
50. 01 173. 53 81. 00 77. 97 60. 96 18. 98 
80. 02 66. 95 56. 13 14. 73 
— 74. 13 40. 60 11. 74 
Tabla 56 (Continued) 
Reg. Wheat Corn Oats Barley Grain Soy- Cotton Corn Sorgh. Tame Wild 
sorgh. beans silage silage hay hay 
($ per acre) 
85 22.94 - 19.29 19.52 - - -
86 27.57 60.99 26.42 27.25 - - -
87 23.31 44.64 27.45 27.13 37.04 - -
88 23.23 53.61 22.93 22.29 42.29 - -
89 24.56 - — - 33.33 - 88 
90 30.74 — 29.56 34.35 — - — 
91 29.07 - 30.78 31.74 - — — 
92 28.94 — 35.65 40.30 — — — 
7 J 
94 — _ f, - _ 
95 21.09 - 31.90 37.32 - - -
96 40.02 78.81 33.00 - - - • -
97 29.00 — — 31.61 - - -
98 33.46 — 30.31 37.95 - - — 
99 30.75 - . 27.12 33.47 - — — 
100 36.54 76.29 30.16 28.75 52.20 - -
101 - - - - - — — 
102 31.37 63.63 33.35 36.53 — — — 
103 40.79 84.79 40.39 38.93 67.23 - — 
81.72 — 45. 87 13.97 
88.49 - 44. 58 12.50 
93.17 89.32 50. 78 15.19 
- 73.31 55. 00 16.34 
- 67.14 90. 57 23.61 
-
- 72. 16 21.57 
120.92 - 93. 18 24.45 
— 
— 62. 93 18.55 
102.97 30. 91 — 
136.44 - 64. 33 19.79 
116.55 — 85. 48 23.64 
129.42 - 75. 44 22.39 
84.35 - 56. 91 21.23 
- — 60. 77 22.03 
80.39 — 83. 78 17.43 
98.76 — 58. 30 23.23 
92.15 121.61 82. 03 21.87 
Table 57. Projected 1980 irrigated crop costs 
Reg. Wheat Corn Oats Barley Grain Soy­ Cotton Corn Sorg. Tame 
sorghum beans silage silage hay 
1 50.87 92.46 42.15 44.05 70.38 84.48 77.75 52.92 
2 449.03 88.40 43.21 44.29 63.74 46.74 - 80.76 69.53 62.16 
3 52.01 95.14 61.73 59.29 72.28 49.19 160.27 95.63 92.69 142.35 
4 50.99 73.83 50.08 51.43 68.34 — - 98.81 76.51 69.61 
5 62.84 62.14 46.70 47.68 74.58 - 114.01 107.09 92.14 88.08 
6 63.82 79.18 50.23 61.45 - - - 116.71 - 93.67 
7 74.20 99.39 65.94 66.45 94.57 - — 139.17 - 109.02 
8 76.35 112.47 65.49 76.80 97.95 - 181.51 143.99 145.56 209.41 
9 68.39 109.63 59.11 68.85 - - - 118.07 - 99.97 
10 59.49 106.04 57.17 48.33 83.58 - 167.66 123.93 130.05 137.27 
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Table 58. Production coefficients for beef cow activities 
Reg T.D.N. Protein Roughage Pasture Cull Feeder Cost 
beef calf 
tons tons tons a.u.m. cwt. cwt. $/hd. 
1 0.177 0.027 2.310 5.320 1.891 0.600 55.495 
2 0.111 0.021 1.914 5.925 1.079 0.654 56.044 
3 0.170 0.044 0.396 8.652 1.235 0.711 46.047 
4 0.144 0.036 0.335 8.549 1.169 0.648 39.307 
5 0.226 0.031 1.429 7.198 1.811 0.641 56.260 
6 0.218 0.029 2.402 4.772 1.265 0.650 68.745 
7 0.137 0.019 1.783 7.266 1.732 0.763 40.422 
8 0.065 0.023 0.400 9.341 1.066 0.632 44.417 
9 0.070 0.015 1.299 8.101 1.527 0.701 36.139 
10 0.091 0.027 1.681 7.463 1.321 0.713 55.967 
Table 59. Production coefficients for hog activities 
Reg T.D.N. Protein Pasture Cost 
tons tons a.u.m. $/cwt 
1 0.200 0.030 0.045 6.29 
2 0.195 0.030 0.061 6.57 
3 0.190 0.028 0.098 5.32 
4 0.182 0.027 0.098 5.08 
5 0.196 0.029 0.057 5.13 
6 0.198 0.030 0.039 6.12 
7 0.194 0.029 0.053 4.69 
8 0.196 0.029 0.095 6.97 
9 0.189 0.028 0.055 5.90 
10 0.199 0.030 0.063 6.88 
Table 60. Production coefficients for fluid and manufactured milk activities 
Reg T.D.N. Protein Roughage Pasture Milk Calf Cull Feeder Cost 
output slaugh, 
live 
beef 
live 
calf 
tons tons tons a.u.m. cwt. cwt. head cwt. $/hd. 
1 1.804 0.298 5.335 3.880 11.945 0.182 2.534 0.370 245.61 
2 1.502 0.240 4.030 5.953 9.903 0.192 2.434 0.394 207.66 
3 1.881 0.309 2.384 7.268 10.781 0.198 2.012 0.393 196.60 
4 1.615 0.258 3.112 8.142 8.523 0.198 1.988 0.405 199.60 
5 1.830 0.299 5.019 6.679 10.609 0.170 2.905 0.335 220.99 
6 1.657 0.272 5.888 4.961 13.397 0.170 2.978 0.345 201.65 
7 1.307 0.211 4.914 5.838 10.763 0.187 2.731 0.376 221.35 
8 1.633 0.264 3.307 7.860 11.953 0.169 2.443 0.341 267.42 
9 1.235 0.197 7.001 5.575 11.770 0.163 2.634 0.334 254.26 
10 1.779 0.296 6.914 7.267 13.487 0.174 3.034 0.362 176.48 
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Table 61. Production coefficients for eastern deferred 
fed beef activities 
Reg T.D.N. Protein Roughage Pasture Live wt. Cost 
tons tons tons a.u.m. cwt. $/hd. 
1 
2 
0.695 0.107 1.310 4.060 10.45 63.90 
3 
4 0.695 0.107 1.310 4.060 10.45 71.45 
5 0.695 0.107 1.310 4.060 10.45 63.69 
6 0.695 0.107 1.310 4.060 10.45 80.91 
7 0.695 0.107 1.310 4.060 10.45 55.93 
8 
Û 
0.695 0.107 1.310 4.060 10.45 69.59 
10 a. mm — — —, 
Table 62. Production coefficients for southern deferred 
fed beef activities 
Reg T.D.N. Protein Roughage Pasture Live wt. Cost 
tons tons tons a.u.m. cwt. $/hd. 
1 
2 
3 
4 
0 .888  
0 .888  
0.119 
0.119 
0.730 
0.730 
3.730 
3.730 
10.15 
10.15 
63.04 
50.36 
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Table 63. Production coefficients for extended silage beef 
feeding activities 
Reg T.D.N. Protein Roughage Pasture Live wt. Cost 
tons tons tons a.u.m. cwt. $/hd. 
1 1.012 0.192 1.880 0.380 10.74 57.37 
2 1.012 0.192 1.880 0.380 10.74 84.21 
3 1.012 0.192 1.880 0.380 10.74 67.28 
4 1.012 0.192 1.880 0.380 10.74 64.14 
5 1.012 0.192 1.880 0.380 10.74 57.17 
6 1.012 0.192 1.880 0.380 10.74 72.63 
7 1.012 0.192 1.880 0.380 10.12 50.74 
8 0.810 0.152 1.600 - 10.12 63.14 
9 0.810 0.132 1.600 - 10.12 37.28 
10 0.810 0.132 1.600 - 10.12 38.37 
Table 64. Production coefficients for calves on silage beef 
feeding activities 
Reg T.D.N. Protein Roughage Pasture Live wt. Cost 
tons tons tons a.u.m. cwt. $/hd. 
1 1.156 0.164 1.180 0.380 10.00 55.47 
2 1.156 0.164 1.180 0.380 10.00 81.43 
3 1.156 0.164 1.180 0.380 10.00 65.06 
4 1.156 0.164 1.180 0.380 10.00 62.02 
5 1.156 0.164 1.180 0.380 10.00 55.28 
6 1.156 0.164 1.180 0.380 10.00 70.24 
7 1.156 0.164 1.180 0.380 10.02 49.06 
8 1.099 0.133 1.100 - 10.02 61.06 
9 1.099 9,133 1.100 - 10.02 30.82 
10 1.099 0.133 1.100 - 10.02 30.39 
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Table 65. Production coefficients for yearlings on silage 
beef feeding activities 
Reg T.D.N. Protein Roughage Pasture Live wt. cost 
tons tons tons a.u.ia. cwt. $/hd. 
1 0.999 0.140 0.910 0.640 10.96 50.39 
2 0.999 0.140 0.910 0.640 10.96 73.97 
3 0.999 0.140 0.910 0.640 10.96 59.09 
4 0.999 0.140 0.910 0.640 10.96 56.34 
5 0.999 0.140 0.910 0.640 10.96 50.22 
6 0.999 0.140 0.910 0.640 10.96 63.80 
7 0.999 0.140 0.910 0.640 10.94 44.55 
8 0.898 0.129 0.970 - 10.94 55.45 
9 0.898 0.129 0.970 - 10.94 23.21 
10 0.898 0.129 0.970 10.94 21.84 
Table 66. Production coefficients for fed beef activities-
yearlings with no silage 
Reg T.D.N. Protein Roughage Pasture Live wt. Cost 
tons tons tons a.u.m. cwt. $/hd. 
1 1.159 0.155 0.440 0.640 11.03 49.23 
2 1.159 0.155 0.440 0.640 11.03 72.26 
3 1.159 0.155 0.440 0.640 11.03 57.73 
4 1.159 0.155 0.440 0.640 11.03 55.04 
5 1.159 0.155 0.440 0.640 11.03 49.06 
6 1.159 0.155 0.440 0.640 11.03 62.33 
7 1.159 0.155 0.440 0.640 11.00 43.50 
8 1.131 0.151 0.430 - 11.00 54.13 
9 1.131 0.151 0.430 - 11.00 23.21 
10 1.131 0.151 0.430 - 11.00 21.84 
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Table 67. Production coefficients for yearling calf raising 
activities 
Reg T.D.N. Protein Roughage Pasture Live wt. Cost 
tons tons tons a.u.m. cwt. $/hd. 
1 0.081 0.009 0.910 3.660 34.89 
2 0.061 0.009 0.600 4.550 - 45.31 
3 0.085 0.020 0.180 5.460 - 36.15 
4 
5 
0.103 0.023 0.190 5.370 31.69 
6 
7 0.066 0.006 0.740 3.910 24.80 
8 0.055 0.007 0.220 5.680 - 34.66 
9 0.057 0.008 0.750 4.000 - 21.16 
10 0.056 0.006 0.570 4.400 28.67 
Table 68. Production coefficients for eggs, poultry meat, 
and sheep 
T.D.N. Protein Roughage Pasture Cost 
tons tons tons a.u.m. $/unit 
SH .070 .019 c329 3.565 11.09 
EG .244 .045 .051 - 6.24 
PM .078 .018 .002 - 3.34 
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APPENDIX C. METHOD OF OBTAINING NATIONAL INDICES OF 
INPUTS PER UNIT OF COMMODITY OUTPUT 
Derivation of Relative Inputs 
The estimates of the annual ratio of inputs required per 
constant dollar of output between any two commodities (Chapter 
3) were derived as follows. First, in each year between 1949 
and 1969 an estimate of the inputs required per unit of output 
was calculated by multiplying the base year (1959) input-
output coefficients by a time series index of inputs required 
per unit of output for each commodity group: 
cd(i,j,t) = idx(k,t) * c$(i,j) 
where cd(i,j,t) is the amount of input i required per dollar 
of product j in year t, 
idx(k,t) is a time series index of inputs per unit of 
output for either miscellaneous items or for power 
and machinery (k = 1 if j = 1,4), 
c$(i,j) is the 1959 value of the ith input per dollar 
output commodity j. 
Sources and estimation of base year input-output estimates 
The estimates of the 1959 quantities of inputs per unit 
of output were obtained from: 
a) a regression procedure based on county data from the 
Census of Agriculture, 
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b) data contained in past input-output studies (82), 
c) cross sectional studies by the USDA. 
The input-output relations used to distribute machinery costs 
were derived from county data on gasoline expenditures from 
the Census of Agriculture for 1954, for 1959 and for 1964 
(170, 171, 172). For each state, the gasoline expenditures 
within each county were allocated among the commodity output 
classes according to the value of production of each commodity. 
At the national level the individual state distributions of 
gasoline expenditures per unit of output (measured in constant 
dollars) were used as input to a regression procedure to test 
for differences in relative fuel use among commodities, time 
periods, and geographic areas. The geographic area at the 
national level was partitioned into 4 regions. The states 
included in each region were: 
Region 1: Maine, New Hampshire, Vermont, Massachusetts, 
Rhode Island, Connecticut, New York, New Jersey, 
Pennsylvania, Maryland, Delaware, Virginia, 
West Virginia, North Carolina, Kentucky, 
Tennessee 
Region 2: Ohio, Indiana, Illinois, Michigan, Wisconsin, 
Minnesota, Iowa, Missouri, North Dakota, 
South Dakota, Nebraska, Kansas 
Region 3: South Carolina, Georgia, Florida, Alabama, 
Mississippi, Arkansas, Louisiana 
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Region 4: Oklahoma, Texas, Montana, Idaho, Wyoming, 
Colorado, New Mexico, Arizona, Utah, Nevada, 
Washington, Oregon, California. 
The fuel input-output coefficients for each commodity 
were then expressed relative to the input-output coefficient 
for meat animals. Fuel use for meat animals was used as the 
standard commodity because of its presence in all states. At 
the national level a dummy variable was included for each 
commodity ratio except the first. However, to reduce the 
computational burden in measuring regional commodity inter­
actions and time and commodity interactions, the commodity 
classes were assimilated into four groups^. The model used to 
estimate ratios of relative fuel use between commodities was: 
c$(j,r,t) = exp[a + cd(j) + rg(g(j),r) + rgt(g(j) ,r,t) + u(t)] 
where a is the overall regression mean 
u(j,r,t) is an error term pertaining to the relative 
fuel use by the jth commodity in the rth 
geographic area in the t'th year 
r = 1,4; t = 1,3; j = 1,10 
cd(j) is a dummy variable relating the difference 
between the jth commodity and the regression mean, 
1 
The commodity groupings were 1) poultry and dairy, 
2) wheat, feed grains, soybeans# and roughages, 3) fruits, 
vegetables and other crops, 4) cotton. 
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j = 2,10 
rgCgfjlff) is a dummy variable to measure interaction 
between the gth commodity grouping of which j is a 
member and the rth geographic area 
rgt(g(j),r,t) is a set of dummy variables to measure 
interaction between commodity groups, geographic 
regions, and the three census periods. 
The results of the regression are presented in Appendix C, 
Table 69. The model explained 50% of the variation. These 
results were used since the model indicated significant dif­
ferences in resource use by commodities by regions and because 
alternative information was limited to national input-output 
studies. 
The estimates of relative pesticide usage between crops 
was taken from a 1964 survey of farmers' expenditures for 
pesticides (39). It was assumed that the relative application 
of pesticides between crops was the same in 1959 and in 1964. 
The estimates of the relative input use between other commo­
dities were based on national estimates. The information on 
the relative input-output coefficients for the remaining 
expenditure items^ was taken from national input-output studies 
^Expenditure items were service building inputs, 
pesticides, veterinary medical, crop-hail insurance, federal 
crop insurance, electricity, telephone, irrigation and seed 
purchases. 
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Table 69. Regression coefficients for differences in relative 
fuel use per dollar value of production between 
commodities, geographical regions and time periods 
Effect Coefficient Standard T 
error value 
= .51, F statistic = 38.0 
Mean -0.1562 
Single factor differences 
Commodities 
poultry production -0.1578 .0323 4.73 
wheat -0.2147 .0277 7.75 
feed grains -0.2754 .0356 7.74 
cotton -0.2469 .0231 10.69 
Time periods 
1959 0.2043 .0357 5.72 
1964 0.0429 .0356 1.21 
Interaction terms 
Commodity groups and regions 
group 1, region 2 0.2187 .0355 6.16 
group 1, region 3 -0.2653 .0431 6.16 
group 1, region 4 0.0933 .0346 2.70 
group 2, region 3 -0.0914 .0351 2.60 
group 2, region 4 -0.1347 .0431 3.13 
group 3, region 1 0.1580 .0431 3.67 
group 3, region 2 0.1462 .0489 2.99 
group 3, region 4 -0.2337 .0586 3.99 
Commodity groups and time 
group 2, 1959 0.1629 .0400 4.07 
group 2, 1964 -0.1586 .0570 2.78 
group 3, 1959 0.3166 .0414 7.65 
group 3, 1964 0.2437 .0530 4.60 
Commodity groups, regions and time 
region 3, group 3, 1959 0.1322 .0973 1.36 
region 3, group 2, 1964 0.0950 .0597 1.59 
region 4, group 2, 1959 0.2201 .0588 3.74 
region 4, group 3, 1959 0.5286 .0862 6.13 
region 4, group 2, 1964 0.1952 .0633 3.08 
A O 1 Ck A 0.3 3 S S • 0233 4*00 
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for 1955 (82) and for 1963^. These data were adjusted to a 
base year, 1959, by linear interpolation. 
Derivation of a time series index of inputs per unit of output 
Two indices of inputs per unit of expected output by 
commodity (one for power and machinery, pmi, and one for other 
operation inputs, opi,) were derived from the indices in Farm 
Costs and Returns (220, 221). The indices obtained for each 
2 
of 38 different farm types were for operating expense per 
unit of output, gross farm production, and for power and 
^Information supplied by Gerald Schluter. Private 
communication, December, 1971. 
2 The commercial farm types used were dairy. Northeast 
dairy, eastern Wisconsin; hog-dairy. Corn Belt; hog beef-
raising, Corn Belt; hog beef-fattening. Corn Belt; cash-grain. 
Com Belt; egg producing. New Jersey; broiler, Maine; 
Delmarva broiler; cotton, southern Piedmont cotton. Black 
Prairie Belt, Texas; non-irrigated cotton, high plains, Texas; 
irrigated cotton, high plains, Texas; small cotton. Delta; 
large cotton. Delta; peanut-cotton. Southern Costal Plains; 
cotton-specialty, San Joaquin; tobacco, Kentucky, large 
tobacco-cotton. Coastal Plains, North Carolina; small tobacco-
cotton, Coastal Plains, North Carolina; wheat, small grains, 
livestock, Northern Plains; wheat, corn, livestock. Northern 
Plains; wheat, roughage, livestock. Northern Plains; wheat, 
grain sorghum. Southern Plains; wheat-pea, Washington-Idaho; 
wheat-fallow, Washington-Oregon cattle ranches, Northern 
Plains; cattle ranches, Inter^mountain; cattle ranches. 
Southwest; sheep ranches. Southern Plains; sheep ranches. 
Southwest. 
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machinery. An index of power and machinery per unit of output 
was derived by dividing the index of power and machinery by the 
index of output. The index of operating expense per unit of 
output was made more specific to the current distribution 
problem by removing the effects of feed purchases, livestock 
purchases, machinery expenses and hired labor. The indices 
(pmi and opi) by farm type were aggregated by commodity type 
into a corresponding series of indices at the national level. 
Aggregation weights were calculated by multiplying the net 
value of production of each commodity on a given type of com­
mercial farm by the number of farms most closely corresponding 
to that commercial farm type within the approximate geographic 
area. 
The information on actual farm numbers was taken from the 
Census of Agriculture (172). For example the index of power 
and machinery by commodity type was calculated by: 
ppmi(c,t) = Sum[pmi (f ,t) *w(f ,c), f = l,n] 
where ppmi(c,t) is the resulting index of power and 
machinery use per unit of output for commodity 
c in year t, 
w(f,c) is the weight attached to farm type f for 
commodity c, 
pmiCf,t) is the index of power and machinery for farm 
type f in year t. 
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Use of expected values in distribution 
The aggregated commodity indices were adjusted to remove 
effects of weather by multiplying by the ratio of expected 
yields to the actual yields. 
In Equation 69 (Chapter 3), the quantity of each input 
in a state in a given year was allocated to the relevant pro­
duction categories by a series of value-weighted factors. The 
weights were based on expected values of production rather 
than actual values. Expected values are necessary to prevent 
the misallocation of inputs among production categories because 
of unexpected fluctuations such as weather which might affect 
the yields in one production category relative to another 
production category. 
The annual expected value of production for those crop 
and livestock categories included in the programming model 
was a product of the expected yield and the units of produc­
tion. Data used to calculate the value of livestock produc­
tion for the 4 livestock groups within each state over the 
1949-69 time span were obtained from published U.S.D.A. esti­
mates (117, 118, 119, 121, 122, 123, 124, 125, 126, 127, 131, 
135, 136, 141, 142, 143, 173, 174, 175, 176, 177, 178, 256, 
257, 258, 270, 271, 272, 273, 274, 275, 276, 277, 278, 279, 
280, 285). Data on the value of crop production for each of 
the 8 crop categories was obtained from U.S.D.A. publications 
(262, 263, 264, 265, 266, 267, 268, 269, 282). The expected 
yield was approximated by the following third-order polynomial 
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regression of yields on time: 
y(t) = ao + alT + a2T*T + a3T*T*T + e(t). 
Livestock yields 
Livestock yields were defined for the cost distribution 
section of this study as the value of production (in 1963-
1965 dollars) per production unit^. (Livestock yields are in 
constant dollar amounts to permit addition of unlike items 
such as beef, milk, pork, etc.) Production units were con­
verted to grain and roughage consuming animal units to provide 
a common basis for adding non-homogeneous livestock numbers. 
To define a yield for meat animal units and for dairy 
units, it was first necessary to allocate total liveweight 
cattle production between dairy cattle, beef cows, cattle on 
feed and other beef cattle. For each year within each state, 
the total quantity of liveweight cattle production was 
allocated between the above classes according to Equation 77. 
qt(i,t) = TCP(t) * U(i,t) * w(i,t)/ 
Sum[U(i,t)*W(i,t), u = l,t) (77) 
where qt(i,t) is the resultant quantity allocated to 
category i in year t, 
TCP(t) is the total liveweight production of cattle 
in a given state in year t. 
^Grain and roughage consuming animal units as defined by 
Allen at al. (1). 
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w(i,t) is the United States average liveweight 
production per grain and roughage consuming unit 
in year t, 
U(i,t) is the number of grain and roughage consuming 
animal units in category i in year t in a given 
state. 
The gross value of production is obtained by evaluating 
the quantities derived in Equation 77 in 1963-1965 dollars. 
Gross value of production for the meat animals included the 
gross value of production from beef cows, cattle on feed, 
other beef cattle, hogs and sheep. The gross value of dairy 
products includes value liveweight cattle derived in Equation 
77 and excludes milk fed to calves. 
Net value of livestock produced 
To avoid double counting of feed grains and roughages fed 
to livestock, the gross values of production were adjusted 
for feed costs. 
The value of feed consumed by livestock was estimated by 
converting the appropriate livestock production quantity or 
inventory number to grain consuming animal units and to 
roughage consuming animal units. The conversion factors are 
those published by Allen and coworkers (2). The value of 
roughage and of feed grains consumed was calculated as: 
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VFC(iyt) = gu(i)*QTCift)*USlcCt) * pfg + ru(i) * 
QT(i,t) * USlr(t)*pth 
where QT(i,t) is the measure of livestock type (for example 
cattle on feed) in year t, 
VFC(i,t) is the value of feed consumed by livestock 
in the ith category, 
gu(l), ru(i) are the respective factors for converting 
the ith livestock measure Qt(i,t) in year t to 
grain and roughage consuming animal units, 
USlc(t) and USlr(t) represent the average quantity 
of feed grains and concentrates fed to livestock 
in year t, 
pfg and pth are the respective prices of feed grains 
and tame hay. 
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APPENDIX D. SUPPLEMENTARY RESULTS TO THE 1980 
COMPETITIVE EQUILIBRIUM PROGRAMMING MODEL 
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Table 70. Summary of equilibrium prices, production, 
consumption and net exports by consuming region 
Reg. Farm Total Domes. Consump. Produc­ Net exports 
price demand consum. per tion 
capita Inter­ Inter­
regional nat* 1 
Cattle 
1 27.41 80.51 86.63 1.42 5.78 -74.73 -6.12 
2 27.22 50.91 50.91 2.51 37.88 -13.02 -
3 26.66 52.15 52.15 2.58 8.57 -43.57 -
4 26.81 23.60 23.09 2.85 23.60 - 0.51 
5 26.12 66.48 66.48 1.72 113.71 47.23 -
6 26.45 31.25 32.06 1.65 17.63 -13.62 
r4 00 O
 1 
7 25.89 11.97 11.97 2.30 80.20 68.23 -
8 26.20 37.03 37.03 2.40 37.03 - -
9 25.50 23.11 23.11 2.40 52.60 29.49 -
10 26.21 27.65 45.01 1.44 27.65 - -17.36 
US 26.62 404.66 428.44 1.87 404.66 — -23.78 
Calves 
1 19.60 0.19 0.19 a 0.19 - -
2 34.49 0.16 0.16 0.01 0.16 - -
3 34.67 0.18 0.18 0.01 0.18 - -
4 35.71 0.19 0.19 0.02 0.19 - -
5 22.57 0.13 0.13 a 0.13 - -
6 12.08 0.92 0.92 0.05 0.92 - -
7 16.94 0.34 0.34 0.07 0.34 - -
8 32.75 0.05 0.05 a 0.05 - -
9 32.76 0.00 - a 0.00 - -
10 18.74 0.09 0.09 a 0.09 - -
US 20.18 2.25 2.25 0.01 2.25 — — 
Hogs 
1 17.27 42.12 44.28 0.73 4.84 -37.28 -2.17 
2 17.00 22.66 22.66 1.12 2.32 -20.34 -
3 16.56 23.05 23.05 1.14 10.42 -12.63 -
4 16.53 10.14 10.06 1.24 5.62 -4.52 0.09 
5 15.52 32.69 32.69 0.85 122.23 89.54 -
6 16.01 15.31 15.85 0.82 15.31 — -0.55 
7 15.94 5.39 5.39 1.04 27.71 22.32 -
8 16.70 16.37 16.37 1.06 7.34 -9.03 -
9 17.18 9.92 9.92 1.03 3.20 -6.72 -
10 18.05 21.33 21.31 0.68 0.00 -21.33 0.02 
US 16.73 198.99 201.59 0.88 198.99 - -2.60 
^Less than .01. 
Table 70 (Continued) 
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Reg. Farm Total Domes. Consump. Produc­ Net exports 
price demand consum. per tion 
capita Inter­ Inter­
regional nat' 1 
Fluid milk 
1 3.24 126.77 126.77 2.08 126.77 - -
2 2.86 43.42 43.42 2.14 43.42 - -
3 2.41 44.15 44.15 2.19 44.15 - -
4 2.78 17.49 17.49 2.16 17.49 - -
5 2.53 82.73 82.73 2.15 82.73 - -
6 2.05 42.48 42.48 2.19 42.48 - -
7 2.09 11.46 11.46 2.20 31.70 20.24 -
8 2.45 33.60 33.60 2.18 33.60 - -
9 3.21 20.24 20.24 2.10 - -20.24 -
10 2.40 67.07 67.07 2.15 67.07 - -
US 2.69 489.41 489.41 2.14 289.41 — — 
Manufactured milk 
1 2.29 215.13 215.13 3.53 - -215.14 -
2 2.27 74.40 74.40 3.68 - -74.41 -
3 2.25 74.25 74.25 3.68 — -74.26 -
4 2.25 37.83 30.09 3.72 - 37.83 7.74 
5 2.14 138.60 138.60 3.60 - -138.60 -
6 2.05 79.07 70.47 3.63 680.46 601.40 8.60 
7 2.09 19.20 19.20 3.69 165.19 145.99 -
8 2.25 56.31 56.31 3.65 - -56.31 -
9 2.26 35.05 35.05 3.64 - -35.04 -
10 2.36 115.80 108.51 3.48 - -115.80 7.30 
US 2.24 845.65 822.01 3.59 845.65 — 23.64 
Oils 
1 1.26 15.70 17.57 0.29 - -15.70 -1.87 
2 1.23 21.12 19.70 0.97 7.31 -13.81 1.42 
3 0.96 22.95 20.19 1.00 9.79 -13.16 2.76 
4 0.91 37.73 9.57 1.18 18.98 -18.75 28.16 
5 0.08 25.02 17.26 0.45 85.91 60.90 7.76 
6 - 10.24 8.34 0.43 10.76 0.52 1.91 
7 - 3.82 4.30 0.83 18.02 14.20 -0.48 
8 0.88 12.17 13.36 0.86 6.64 -5.53 -1.19 
9 0.97 7.33 8.07 0.84 -7.33 -0.74 
10 1.31 5.78 8.03 0.26 4.43 -1.34 -2.26 
US 0.80 161.85 126.38 0.55 161.85 - 35.47 
Table 70 (Continued) 
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Reg. Farm Total Domes. Consump. Produc­ Net exports 
price demand consum. per tion 
capita Inter­ Inter­
regional nat* 1 
Wheat 
1 1.27 159.91 130.93 2.15 — -159.91 28.98 
2 1.24 55.99 43.56 2.15 - -55.99 12.43 
3 1.20 45.39 43.42 2.15 - -45.39 1.97 
4 1.13 127.55 17.44 2.15 6.42 -121.13 110.11 
5 0.95 94.44 82.93 2.15 311.27 255.21 11.51 
6 1.15 57.23 41.53 2.14 57.23 - 15.70 
7 0.92 11.19 11.19 2.15 55.65 44.46 -
8 0.94 33.36 33.36 2.16 154.48 121.13 -
9 1.18 20.66 20.66 2.15 20.66 - -
10 1.44 173.32 66.54 2.13 173.32 - 106.78 
US 1.21 779.04 491.55 2.15 779.04 — 287.48 
Corn for food and industrial use 
1 1.03 126.67 126.67 2.08 24.30 -102.38 -
2 1.01 42.12 42.12 2.08 - -42.12 -
3 0.88 42.13 42.13 2.09 - -42.13 -
4 0.91 16.88 16.88 2.08 - -16.87 -
5 0.74 80.47 80.47 2.09 97.35 16.87 -
6 0.89 40.32 40.32 2.08 - -40.33 -
7 0.67 10.87 10.87 2.09 200.41 189.53 -
8 1.00 32.07 32.07 2.08 32.07 - -
9 0.60 20.22 20.22 2.10 57.64 37.43 -
10 1.09 64.55 64.55 2.07 64.55 - -
US 0.93 476.31 476.31 2.08 476.31 — — . 
Oats for food and industrial use 
1 0.62 16.06 16.06 0.26 - -16.06 -
2 0.60 5.34 5.34 0.26 - -5.34 -
3 0.55 5.33 5.33 0.26 - -5.33 -
4 0.55 2.14 2.14 0.26 - -2.14 -
5 0.43 10.19 10.19 0.26 47.19 37.00 -
6 0.56 5.10 5.10 0.26 5.10 - -
7 0.50 1.37 1.37 0.26 3.89 2.52 -
8 0.77 4.04 4.04 0.26 4.04 - -
9 0.69 2.52 2.52 0.26 - -2.52 -
10 0.78 8.14 8.14 0.26 - -8.13 -
US 0.60 60.22 60.22 0.26 60.22 - -
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Table 70 (Continued) 
Reg. Farm Total Domes. Consump. Produc­ Net exports 
price demand consum. per tion 
capita Inter­ Inter­
regional nat" 1 
Barley for food and industrial use 
1 0.80 35.26 35.26 0.58 35.26 - -
2 0.83 11.68 11.68 0.58 — -11.68 -
3 0.74 11.73 11.73 0.58 - 00 -11.73 
4 0.81 4.68 4.68 0.58 - -4.68 — 
5 0.65 22.52 22.52 0.58 22.52 - -
6 0.65 11.34 11.34 0.58 11.34 — -
7 0.50 3.07 3.07 0.59 31.16 28.09 -
8 0.82 8.92 8.92 0.58 8.92 - — 
9 0.76 5.58 5.58 0.58 5.58 — -
10 0.96 17.81 17.81 0.57 17.81 — -
US 0.77 132.58 32.58 0.58 132.58 — — 
Sheep and lambs 
1 12.95 6.52 6.52 0.11 6.52 - -
2 12.95 3.88 3.88 0.19 3.88 - -
3 12.95 3.90 3.90 0.19 3.90 - -
4 12.95 1.74 1.74 0.21 1.74 — -
5 12.95 4.68 4.68 0.12 4.68 — -
6 12.95 2.25 2.25 0.12 2.25 - — 
7 12.95 0.85 0.85 0.16 0.85 - -
8 12.95 2.72 2.72 0.18 2.72 - -
9 12.95 1.66 1.66 0.17 1.66 — -
10 12.95 3.17 3.17 0.10 3.17 - -
US 12.95 31.36 31.36 0.14 31.36 — — 
Eggs 
1 14.88 13.65 13.65 0.22 13.65 - -
2 14.88 5.07 5.07 0.25 5.07 — -
3 14.88 5.07 5.07 0.25 5.07 - -
4 14.88 2.09 2.09 0.26 2.09 - -
5 14.88 8.83 8.83 0.23 8.83 - -
6 14.88 4.43 4.43 0.23 4.43 - -
7 14.88 1.27 1.27 0.24 1.27 — -
8 14.88 3.79 3.79 0.25 3.79 — -
9 14.88 2.35 2.35 0.24 2.35 - -
10 14.88 6.93 6.93 0.22 6.93 - -
US 14.88 53.48 53.48 0.23 53.48 — — 
Table 70 (Continued) 
278 
Reg. Farm Total Domes. Consump. Produc- Net exports 
price demand consum. per tion 
capita Inter- Inter­
regional nat • 1 
Chickens and turkeys 
1 5.34 36.72 36.72 0.60 36.72 - -
2 5.34 16.83 16.83 0.83 16.83 - -
3 5.34 16.90 16.90 0.84 16.90 - -
4 5.34 7.25 7.25 0.90 7.25 - -
5 5.34 24.87 24.87 0.65 24.87 - -
6 5.34 12.30 12.30 0.63 12.30 - -
7 5.34 3.97 3.97 0.76 3.97 - -
8 5.34 12.21 12.21 0.79 12.21 - -
9 5.34 7.52 7.52 0.78 7.52 - -
10 5.34 18.36 18.36 0.59 18.36 - -
US 5.34 156.92 156.92 0.69 156.92 — -
Table 71. Estimated crop acreages by producing regions in 1980 
Reg. Wheat Corn Oats Barley Soybeans Silage Tame 
hay 
Wild 
hay 
Feed 
grain 
1 
2 
3 
4 
5 
258.0 
(1000 acres) 
584.2 
836.5 
190.0 
805.6 1725.1 
102.7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
167.1 
167.1 
1022.0 
655.6 
406.8 
2930.7 
427.1 
831.5 
3460.1 
25.1 
24.9 
64.0 
76.5 
82.7 
13.0 
111.4 
4.0 
2 0 . 2  
583.2 
412.7 
135.0 
588.7 
269 vl 
105.0 
1207.3 
2 0 . 2  
127.1 
1022.0 
655.6 
406.8 
2930.7 
427.1 
127.2 
10.6 680.3 
102.1 
lO 
vo 
Table 71 (Continued) 
Reg. Wheat Corn Oats Barley 
(1000 
30 — — — — 
31 — 1042.6 — — 
3 2 — — — — 
33 — — — — 
34 — — — — 
35 — — — — 
36 — — — — 
37 — — 821.9 — 
38 — — — — 
39 7448.5 -
40 — — — 
41 — — — — 
42 — — — 376.8 
43 — — — — 
44 - 82.7 
45 1030.0 - - 189.9 
46 — —* — 
47 — — — — 
48 ** ~ 
49 3862.7 - - -
50 — — — — 
51 — — — — 
52 — — — — 
53 — — — — 
54 — — — — 
55 — — — — 
56 — — 63.2 606.6 
57 — — — — 
58 — — — — 
59 1723.8 - -
Soybeans Silage Tame Wild Feed 
hay hay grain 
acres) 
2799.1 
433.4 
4151.5 
4290.3 
3548.8 
186.7 
34.0 
1359.6 
356.0 
2799.1 
433.4 
4151.5 
4290.3 
3548.8 
2329.3 
5064.2 
220.7 
6 0 . 0  
171.8 
488.9 
1023.5 
1159.1 
2420.4 
2329.3 
5064.2 
220.7 
3265.9 
2656.2 
3902.9 
1128.9 
337.4 
580.4 
339.5 
4593.8 
597.9 
1641.8 
1027.1 
4.5 
7.7 
13.7 
86.9 
78.2 
205.2 
52.5 
50.8 
750.9 
796.9 
1769.6 
1124.5 
3265.9 
2656.2 
3902.9 
1985.8 
2107.7 
361. 2 
1985.8 
2107.7 
Table 71 (Continued) 
Reg. Wheat Corn Oats Barley 
(1000 
60 ~ — — 
61 — _ _ — 
62 — — — — 
63 — — — — 
64 — — — 
65 — — — — 
6 6 " "  —  —  —  
67 — 2667.5 — — 
68 2717.9 - 97.8 241.6 
69 — — — — 
70 3075.3 - - -
71 — — — — 
7 2 — — — — 
73 3578.5 18.7 
7 4 — — — — 
7 5 — — — — 
7 6 — — — — 
77 - 521.1 
78 — — — — 
79 — — — — 
80 — — — — 
81 ~ 
82 — — — — 
8 3 — — — — 
84 1225.0 — — — 
85 - 128.7 
86 ^ — — — 
8 7 — — — — 
88 274.1 — — — 
89 ~~ — — — 
Soybeans Silage Tame Wild Feed 
hay hay grain 
acres) 
694.7 
664.1 
1543.9 
4621.6 
1680.6 
330.0 
822 .  8  
332.7 
116.9 
973.0 
1790.4 
318.9 
3.6 
9.0 
21.2 
403.6 
896.4 
1222.6 
684.5 
37.8 
175.4 
28.7 
152.5 
10.3 
6.3 
1.0 
58.9 
19.8 
57.8 
0.7 
34.8 
8 8 . 0  
513.8 
119.2 
129.5 
140.7 
21.3 
6.7 
694.7 
664.1 
1543.9 
4621.6 
4373.0 
1680.6 
196.7 
3494.7 
2461.2 
to 
00 
M 
Table 71 (Continued) 
Reg. Wheat Corn Oats Barley Soybeans Silage Tame 
hay 
Wild 
hay 
Feed 
grain 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
1147.2 
387.3 
1035.8 
2363.6 
1629.5 
521.5 
(1000 acres) 
392.3 
193.0 
897.5 251.0 
5.4 
52.6 
22.4 
2 . 2  
250.0 
282.7 
15.7 
9.2 
14.4 
315.5 
265.5 
283 
Table 72. Irrigated crop activities in solution for 1980 
Irr. Wheat Corn Oats Barley Soybeans Silage Tame Feed 
reg. hay grains 
(1000 acres) 
1 - — — - 193. 693. 
2 — — — — 1055. 920. 
3 — — — - 591. 1341. 
4 — - - - 304. 947. 
5 — 466. - 54. 172. 
6 — — - - 9. 199. 
7 
8 
9 
10 
1116. 
620. 292. 122, 1735. 
Table 73. Reduced cost for irrigated crop activities not in 
the current solution 
Reg. Wheat Corn Oats Barley Feed- Feed- Feed- Hay 
grain grain grain silage 
silage 
1 20.76 36.82 21.38 24. 89 47.70 33.45 27.81 -
2 39.73 36.63 39.79 49. 40 48.58 41.99 46.01 -
3 3.40 19.84 33.16 29. 16 7.77 6.26 8.46 -
4 13.68 28.46 25.44 17. 86 20.42 - 14.59 5.39 
5 21.71 - 34.42 24. 05 10.72 2.83 10.48 -
6 12.48 43.39 23.01 29. 07 28.94 18.63 6.87 -
7 3.85 57.52 30.95 21. 37 27.82 22.67 22.41 20.84 
8 51.25 113.07 75.31 42. 19 50.52 44.22 49.59 43.28 
9 - 15.43 50.01 30. 83 30.82 22.85 19.10 13.77 
10 - - 21.26 7. 39 6.12 1.74 4.62 -
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Table 74. Land use by producing regions 
Reg. Cropland Prop'n Cropland Net Hayland+ Prop'n 
used cropland idle hayland cropland hayland+ 
(1000 a) diverted (1000 a) used used cropland 
(1000 a) idle 
1 2820. - - 806. 3625. 0.48 
2 584. - 0.76 - 584. 0.84 
3 - - 1.00 - - 1.00 
4 293. - - - 293. 0.84 
5 — - 1.00 - - 1.00 
6 - - 1.00 - - 1.00 
7 - - 1.00 - - 1.00 
8 2044. - - - 2044. 0.03 
9 - - 1.00 - - 1.00 
10 - - 1.00 - - 1.00 
11 1336. - - 583. 1919. -
12 838. - - 413. 1251. -
13 - - 1.00 - - 1.00 
14 5925. - - 135. 6060. -
15 77. 0.82 - 589. 665. -
16 854. - - - 854. 0.14 
17 83. 0.75 0.75 269. 352. -
18 - - 1.00 - - 1.00 
19 ** - 1.00 - - 1.00 
20 13. - 0.98 105. 118. 0.91 
21 848. 0.38 0.13 1207. 2055. 0.10 
22 1368. - - 20. 1388. -
23 560. - 0.64 - 560. 0.72 
24 5818. - - 128. 5945. -
25 252. - 0.43 - 252. 0.58 
26 220. - 0.62 - 220. 0.80 
27 - - 1.00 - - 1.00 
28 - - 1.00 - - 1.00 
29 - - 1.00 - - 1.00 
30 6641. - - - 6641. 0.12 
31 - - 1.00 - - 1.00 
32 867. - - - 867. 0.05 
33 8303. - - - 8303. 0.09 
34 8767. - - 1360. 10127. -
35 7132. - - 356. 7483. -
36 822. - 0.78 - 822. 0.80 
37 - — 1.00 - - 1.00 
38 7448. - - - 7448. 0.17 
39 4719. — - 1023. 5742. -
40 10300. - - 1159. 11459. -
41 1307. 0.58 - 2420. 3728. -
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Table 74 (Continued) 
Reg. Cropland Prop'n Cropland Net Hayland+ Prop'n 
used cropland idle hayland cropland hayland+ 
(1000 a) diverted (1000 a) used used cropland 
(1000 a) idle 
42 - - 1.00 - - 1.00 
43 83. - 0.98 - 83. 0.99 
44 1220. - - - 1220. 0.44 
45 1129. 0.69 - 4594. 5723. -
46 6869. - - 598. 7467. -
47 5893. - - 1642. 7535. -
48 4202. - - 1027. 5229. -
49 - - 1.00 - - 1.00 
50 - - 1.00 - - 1.00 
51 7870. - - 158. 8028. 0.06 
52 3. - 1.00 17. 19. 1.00 
53 32. - 0.98 188. 220. 0.92 
54 70. - 0.99 175. 246. 0.96 
55 671. - 0.57 3. 674. 0.64 
56 3979. - - 6. 3984. 0.11 
57 4406. - 0.47 156. 4562. 0.50 
58 1747. - - 151. 1898. 0.09 
59 1643. - - 233. 1876. 0.14 
60 72. - 0.96 87. 158. 0.92 
61 1329. - - 1. 1330. 0.17 
62 331. 0.70 - 973. 1304. -
63 827. 0.64 - 1795. 2622. -
64 3123. - - 27. 3149. 0.09 
65 9391. - — 137. 9528. 0.03 
66 3344. 0.13 0.01 587. 3932. 0.01 
67 3058. - - 2. 3059. 0.09 
68 18. - 0.99 42. 60. 0.98 
69 3093. - - 43. 3136. 0.12 
70 4771. 0.11 - 622. 5393. -
71 9. - 1.00 26. 35. 0.99 
72 3771. 0.09 - 385. 4156. -
73 - - 1.00 - — 1.00 
74 3362. - - 4. 3365. 0.18 
75 206. - 0.91 16. 222. 0.91 
76 521. - - 1. 522. 0.20 
77 4. - 0.99 9. 13. 0.99 
78 43. 0.07 0.88 98. 141. 0.86 
79 6. - 0.97 16. 22. 0.90 
80 4. - 1.00 12. 17. 0.99 
81 27. 0.13 0.79 64. 91. 0.74 
82 - - 1.00 1. 1. 1.00 
83 2051. - - - 2051. 0.42 
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Table 74 (Continued) 
Reg. Cropland Prop'n Cropland Net Hayland+ Prop'n 
used cropland idle hayland cropland hayland+ 
(1000 a) diverted (1000 a) used used cropland 
(lOOO a) idle 
84 3695. - - 404. 4099. -
85 2749. - - 896. 3645. -
86 96. 0.88 - 1223. 1319. -
87 356. - 0.83 31. 387. 0.83 
88 168. - 0.74 73. 241. 0.70 
89 271. 0.04 0.69 68. 339. 0.67 
90 1150. - - 52. 1202. 0.25 
91 460. - - 21. 480. 0.29 
92 387. - - - 388. 0.18 
93 - - 1.00 - - 1.00 
94 898. - - 251. 1148. -
95 1041. - - 127. 1167. 0.52 
96 - - 1.00 - - 1.00 
97 - - 1.00 - - 1.00 
98 2422. - - - 2422. 0.12 
99 2468. - - - 2468. 0.14 
100 2220. 0.09 - 1037. 3257. -
101 184. - 0.15 145. 329. 0.14 
102 741. - - - 741. 0.60 
103 1490. — — 552. 2043. 0.13 
Reg 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
26 
37 
38 
39 
40 
41 
42 
287 
Opportunity costs for selected crop activities 
not in the final solution 
Wheat Feed Feed Feed Hay 
grain grain- grain- silage 
soybean hay 
($ per acre) 
0.58 14.18 11.43 7.01 -
4.23 27.71 12.43 21.27 13.10 
4.11 21.26 3.30 18.61 6.35 
- 27.16 - 22.00 19.07 
25.76 48.66 22.91 30.16 20.76 
9.63 24.49 1.73 23.42 3.32 
24.35 28.81 5.39 21.25 4.44 
17.84 30.32 - 31.06 29.21 
25.20 23.21 4.47 21.09 14.06 
2.00 37.95 14.54 24.17 -
10.80 24.83 - 15.05 -
16.19 26.50 - 13.99 -
20.45 42.06 31.32 16.82 3.32 
22.22 26.15 ' - 25.54 -
25.81 37.21 12.78 20.85 -
21.75 28.49 - 25.77 3.08 
16.49 32.95 1.98 28.60 -
9.57 41.46 9.38 33.84 6.57 
16.37 36.99 6.99 31.61 10.12 
19.18 34.94 6.75 23.70 -
1.22 43.60 4.55 28.48 -
4.06 45.37 - 36.06 — 
4.73 47.76 7.34 26.44 4.14 
17.77 37.97 - 28.35 -
- 35.98 5.46 16.81 4.02 
9.33 56.25 21.51 24.27 9.46 
6.82 28.37 1.96 21.93 2.75 
11.68 28.34 12.55 25.83 21.06 
7.16 20.34 6.61 15.12 9.47 
5.70 17.79 - 17.54 13.85 
1.56 22.85 1.63 17.54 2.58 
0.63 29.45 - 26.50 1.13 
4.78 24.06 - 20.39 0.40 
14.03 27.81 - 23.50 -
11.27 31.87 - 28.90 -
0.54 34.90 1.84 27.01 2.13 
16.30 24.94 10.13 17.85 6.77 
- 29.86 1.81 23.60 6.79 
21,73 25.13 — 19, 03 — 
2Ô[I2 24]69 - 21.04 -
12.66 22.34 - 17.79 — 
27.97 64.61 50.17 32.68 22.69 
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Table 75 (Continued) 
leg. Wheat Feed Feed Feed Hay 
grain grain-
soybean 
grain-
hay 
silage 
(? per acre) 
43 0.36 9.81 0.95 6.26 0.28 
44 - 9.64 7.89 4.86 7.77 
45 3.37 13.85 3.96 6.18 -
46 9.72 14.34 - 12.06 -
47 3.34 15.29 - 8.14 -
48 - 6.47 1.05 2.61 -
49 9.79 18.10 11.65 8.17 6.52 
50 4.51 7.87 2.94 7.21 4.23 
51 10.94 12.71 - 11.82 10.90 
52 3.25 10.45 - 10.54 13.71 
53 4.07 23.64 - 16.42 14.75 
54 6.79 16.71 6.59 14.29 11.66 
55 4.40 12.11 0.79 12.94 7.10 
56 10.81 17.24 - 17.77 10.57 
57 8.62 20.98 - 19.63 7.84 
58 - 21.86 - 19.12 14.24 
59 1.89 25.72 - 17.50 4.10 
60 1.13 20.40 - 19.33 9.98 
61 17.23 21.81 - 19.42 3.78 
62 16.02 23.62 3.34 19.24 -
63 17.02 22.41 4.91 18.38 -
64 12.62 16.96 - 14.84 3.30 
65 10.90 11.41 - 11.12 3.73 
66 0.45 3.58 - 4.31 -
67 - 10.64 15.03 17.09 30.08 
68 1.44 15.02 - 18.21 23.59 
69 - 14.16 10.85 23.97 34.54 
70 6.16 1.40 - 4.11 21.19 
71 4.67 5.92 - 8.44 22.02 
72 - 4.55 - 4.91 12.21 
73 7.61 16.38 - 16.61 16.56 
74 3.08 7.94 - 12.50 20.68 
75 5.52 0.71 - 2.58 10.68 
76 13.77 8.10 - 11.63 20.64 
77 11.90 18.42 - 20.08 20.32 
78 12.77 11.77 — 13.74 36.18 
79 - 6.23 - 9.84 19.09 
80 9.03 19.56 - 18.31 15.04 
81 - - - 32.39 -
82 4.58 32.37 26.97 30.00 28.24 
83 - 19.92 = 12.42 4.04 
84 5.05 - - — 2.23 
Table 75 (Continued) 
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Reg. Wheat Feed 
grain 
Feed Feed Hay 
grain- grain- silage 
soybean hay 
($ per acre) 
85 0.51 0.20 - 0.26 -
86 1.94 18.54 - 5.96 -
87 - 19.78 - 18.70 16.60 
88 6.07 26.65 - 24.21 3.96 
89 7.35 11.68 - 12.50 34.51 
90 - 4.28 - 4.89 6.22 
91 9.12 14.51 - 27.03 17.58 
92 - 33.54 - 22.08 4.89 
93 - - - - -
94 - - - - -
95 - 18.62 - 9.51 5.11 
96 20.51 59.59 - 39.35 15.10 
97 6.78 12.62 - 27.02 24.31 
98 - 14.08 - 15.59 20.02 
99 - 8.57 - 12.85 28.11 
100 3.93 9.28 - 11.50 26.32 
101 - - - - -
102 - 16.42 - 9.35 7.35 
103 8.36 0.40 - 11.36 28.73 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
X A 
41 
42 
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Average land rents by producing regions 
Cropland Hayland Wild 
rent less rent hayland 
hayland rent 
rent 
3.77 
0.27 
1.89 
1.73 
4.67 
2.52 
0 . 6 2  
3.90 
8.15 
0.69 
3.31 
2.90 
12.82 
23.45 
3.46 
0.75 1.77 
1.73 
6.21 
0 . 8 0  
5.37 
2.48 
13.64 
6.21 
9.32 
in n 
15.15 
4.25 
8 . 6 8  
11.08 
11.31 
Tab. 
Irr 
reg 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
6 6  
67 
6 8  
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
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(Continued) 
Cropland Hayland Wild 
rent less rent hayland 
hayland rent 
rent 
5.19 
0.49 - 0.57 
13.55 9.67 
7.39 3.66 3.68 
8.67 4.04 11.87 
2.60 0.98 5.66 
- - 1.36 
4.17 
5.66 - 2.02 
1.01 
1.89 
2.30 
5.94 — — 
2.57 — 0.71 
1.22 - 2.76 
- - 1.26 
0.93 - -
- 1.34 -
- 3.35 -
1.90 - — 
4.69 — — 
3.47 — 10.97 
-
- 1.55 
0.47 - 8.22 
- 2.36 1.48 
- - 3.49 
- 4.00 ~ 
- - 2.56 
1.49 - 0.83 
- - 2.60 
0.31 - -
— 
- 4.71 
— 
— 35.10 
— — 5.89 
— — 6. 63 
3.49 - 8.97 
11.94 3.44 9.99 
Irr 
reg 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
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(Continued) 
Cropland Hayland Wild 
rent less rent hayland 
hayland rent 
rent 
4.21 
3.43 
6.69 
28.37 
9.53 
3.02 
12.30 
8 . 6 0  
9.78 
8.04 
0.55 
8 . 2 8  
12.08 
11.30 
5.47 
17.36 
48.78 
7.65 
24.34 
13.88 
13.50 
2.42 
9.97 
10.46 
9.59 
19.93 
6.90 
3.90 
5.85 
Irr 
reg 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
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Average land rent differentials for irrigated 
cropland over non-irrigated cropland 
Cropland Hayland Wild 
rent less rent hayland 
hayland rent 
rent 
4.47 4.47 
24.18 24.18 
5.78 - 5.78 
12.50 2.26 10.24 
25.94 - 25.94 
3.49 3.49 
